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ABSTRACT 
 
Written assessment tasks in foundation phase (FP) classrooms are one of the tools 
intended to assess whether learners make sense of curriculum content taught to them. 
The ultimate aim of these tasks should be assessment for learning (AfL), which focuses 
on supporting learning rather than on judging achievement (Harrison, 2015, p. 78). In 
contrast to AfL, national survey tests, the former South African Annual National 
Assessment (ANA) emphasizes procedural content, with the aim of producing results. In 
this manner, conceptual learning is relegated to the back end of the assessment process.  
 
In this study, I posit that many forms of assessment in the FP still lack the purposeful 
design processes needed to optimally assess learners’ number concepts (curriculum) 
and conceptual development (based on ideas from cognitive psychology). The primary 
purpose of this study is to design an assessment tool embedded in school curriculum 
content and early childhood conceptual development theory. To this purpose, the study 
involves the assessment of grade 3 children’s mathematical conceptual development 
(using a hierarchical theoretical model of young children’s maths development) by 
means of a test based on the national grade 3 Mathematics curriculum content. I thus 
approached the study with the central research question, “How will grade 3 learners 
perform on a custom designed, curriculum-based test?” 
 
The study uses a designed-based research (DBR) framework. Data were collected in 
two iterative cycles. The first cycle focused on designing an assessment tool through the 
formulation of a pool of possible test items based on grade 3 curriculum content in the 
content area, ‘Numbers, operations and relationships’, utilising principles from a 
hierarchical model of young children’s Mathematics development, known as the Fritz 
Model, a model grounded in cognitive theory (Fritz, Ricken & Balzer, 2009) and named 
after one of its original designers, Annemarie Fritz. These potential test items were then 
presented to a panel of experts tasked to select 47 suitable items for the final assessment 
tool. The second cycle was devoted to the piloting of the test, which was aimed at 
assessing the mathematical development of a purposively selected sample of grade 3 
learners.  
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Emerging from the Cycle 1 test item selection by the panel of experts were a number of 
thematically derived criteria that future test designers could use as guidelines in the 
design of their own tests/assessment tools. These criteria, in no specific order, were: 
i) Mathematics vocabulary and language: A test developer should take careful 
consideration of language in a test, using the appropriate mathematical 
vocabulary for the content area being assessed. 
ii) Conceptual Knowledge: To ensure that items test for learning (AfL), test 
developers should design items in ways that consider the conceptual ways in 
which children make sense of mathematics. 
iii) Curriculum Inclusion: A test developer should use the correct number range by 
structuring items in a way that challenges learners’ application of curriculum 
knowledge. 
iv) Concept Inclusion: A test developer should include concepts purposefully, in 
familiar contexts that enable learners to apply their knowledge of the concept to 
any given question in order to show their understanding. 
v) Test design aim: A test developer should have a specific aim in mind before s/he 
develops a test and should include items on procedural as well as theoretical 
knowledge. 
 
Indications from Cycle 2 findings are that grade 3 learners have a good conceptual 
understanding of mathematical constructs at Level 3 of the Fritz model since they were 
able to accurately apply their knowledge to mathematical constructs being tested at 
Levels 1 -3. More specifically, they were able to: 
1. Conceptualize that the number name they were using represented the number 
after the previous number as well as the number before the next number, hence 
they could represent the number on a mental number line. 
2. Represent numbers in an increasing ordinal manner on a number-line 
representation.  
 
Contrarily, these Grade 3 learners seemingly struggle to understand mathematical 
constructs at hierarchical levels 4 and 5 of the Fritz-model.  
 
Based on these findings, the insights gained from my literature review, and the advice I 
received from the panel of experts with knowledge of both curriculum and the ways in 
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which children make sense of mathematical concepts, I concluded that it is possible to 
design an assessment tool that has AfL as its final outcome.  
 
Key words: Assessment for learning (AfL), cognitive theories, construct, curriculum, 
theoretical model, experts advise, grade 3, assessment tool.  
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CHAPTER 1 
OVERVIEW AND BACKGROUND OF THE STUDY 
 
This chapter serves as a general orientation to the study, with further focus of giving 
a detailed overview of the background which motivated me to do the study. In this 
sense, it serves as a framework of the factors and influences informing the research 
question, aims and objectives of the study. To this purpose, it includes a brief 
description of each chapter’s outline and the focus of each chapter.  
 
1.1 Mathematics education in South Africa 
 
Education is highlighted in the South African constitution as one of the most basic 
rights of children in the country (South African Human Rights Commission [SAHRC], 
2012). However, the ideals proposed in the constitution have not come to fruition 
because, although all children theoretically have access to education, the quality of 
learning taking place in classrooms could be contested. This is most evident in 
Mathematics education, as South African children perform very poorly on international 
mathematical tests (Taylor, 2011). The results of the Southern and East African 
Consortium for Monitoring Educational Quality (hereafter referred to as SACMEQ) 
assessments, indicate that South Africa’s grade 6 learners1 achieved a Mathematics 
mean score of 486, which was not only lower than the SACMEQ mean score of 500, 
but also of the mean score of the majority of participating countries (Moloi & Strauss, 
2005). These results were again reiterated / repeated in the Trends in International 
Mathematics and Science Study (TIMSS), which showed that the performance of 
South African learners in Mathematics was the lowest of the 21 middle-income 
countries that participated in the study (TIMMS, 2011).  
 
Of concern is not only South Africa’s poor performance in comparison with the 
performance of other countries but that its performance increasingly worsens the older 
learners are (Spaull & Kotze, 2015). South African learners’ mathematical ‘disability’ 
 
1 The ‘learner(s)’ is used in South Africa to refer to school going children or Gr R (K)-12 students. I will 
thus use the terms learners and children interchangeably but will utilize the term learners when referring 
to children in the classroom context. In more general discussions of cognitive development etc. I will 
use the term children. When the studies sample will be discussed the term participants will also be 
referred to in this study. 
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is also reflected in the result of the country’s Annual National Assessments (ANA’s)2 
tests of 2012 to 2014 (illustrated in Table 1.1 and discussed in paragraph 2.2.4).   
 
Table 1.1. Average percentage of Mathematics results in 2012, 2013 and 2014 for 
Gr 1-6 & Gr 9 
Mathematics 2012 2013 2014 
Grade 1 68% 60% 68% 
Grade 2 57% 59% 62% 
Grade 3 41% 53% 56% 
Grade 4 37% 37% 37% 
Grade 5 30% 33% 37% 
Grade 6 27% 39% 43% 
Grade 9 13% 14% 11% 
              (Department of Education (DBE), 2014) 
 
As indicated in Table 1.1, there is a clear decrease in the performance of learners in 
Mathematics the older the learners are. In grade 1, for example, learners attained an 
average percentage of 68% in Mathematics in 2014, whereas the average for grade 9 
learners was only 11%. There has also been no indication that learners’ performance 
improved in the period between 2012 to 2014.   
 
A primary concern raised by Mundy (2011) in this regard is that these results are on 
localised test papers, like the ANA test and common papers set by the standards of 
the South African Department of Basic Education (DBE). These tests are not 
standardised and normed and thus have no or little, universal standard or comparison 
internationally. This is particularly disconcerting when one considers that South 
Africa’s Mathematics and Science education standards have been identified as being 
amongst the lowest in the world - second last according to the largest ever global 
school rankings (Organisation for Economic Co-operation and Development [OECD], 
2007). South Africa’s poor performance in these two subjects raises various questions 
regarding steps that could, or should, be taken to improve children’s performances 
 
2 The ANA’s is a national assessment survey that was implemented in 2010 as a national strategy to 
“monitor the level and quality of basic education with a view to ensuring that every learner receives 
basic education of a high quality, regardless of the school they attend” (Kanjee & Moloi, 2014: 2). 
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and to standardize national assessments. The DBE’s strategy seems to be to lower 
the mathematics pass rate of grade 8 and 9 learners to only 20% (DBE, 2016), thereby 
pretending that results are improving since national ‘pass’ rates are higher. When in 
fact, it is simply a case of lowering the bar, not of improving performance. So, clearly 
action and intervention are needed.  
 
As a grade 3 Foundation Phase (FP)3 teacher in a South African classroom, I 
experienced that learners in my class were struggling with Mathematics. I observed 
that they grappled to identify patterns and would rarely be able to apply constructs 
learnt to other operations that were slightly different from the original ones. They would 
be able to count in twos, for example, but when asked what two multiplied by two was, 
they could not figure out that it involved their working with two sets of two. I realized 
that they saw each concept as an entity on its own and could not draw comparisons 
or establish relationships among concepts that tested the same construct. They would 
know, for example, that eight plus eight equals 16 (8 + 8 = 16), but as soon as I asked 
them what eight Rand plus eight Rand (R8 + R8 =?) was they could not give me an 
answer. I thus started to realise that they did not understand the concepts underlying 
procedural operations they were taught in grades 1 and 2. 
 
Having identified what I regarded as a possible cause of learners’ lack of 
understanding, I started looking for assessment tasks that could provide me with 
information on conceptual errors learners made. I planned to use this information as 
basis for the design of an intervention plan that might help learners overcome/rectify 
specific mathematical misconceptions. I realised that all the assessment tasks I had 
access to, where only designed on testing procedural operations. These test were 
aimed at the reproduction of procedural content of the curriculum, with no intervention 
value as it does not inform the teacher about the conceptual development that has 
taken or has not taken place. One example of such an assessment is the ANA (see 
paragraph 2.2.4 for a detailed discussion), which is set by “competent subject experts 
and teachers” (DBE, 2013) who use only the curriculum as basis for the selection of 
items. I asked myself whether it might perhaps be possible to design an assessment 
 
3 Foundation Phase (FP) in South Africa is the same as elementary phase elsewhere in the Northern 
Hemisphere. 
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tool that could inform a teacher about the learners’ conceptual strengths, weaknesses, 
and/or development. More specifically, I wanted to design a test that would give me 
more information about learner’s conceptual understanding of concepts prescribed in 
the South African Curriculum Statement and Assessment Policy (CAPS). My purpose 
was, therefore, not to design a tool primarily aimed at the mere scoring of individual 
learners’ performance/competence, but one that would give me information that I could 
use to improve learning, thus an assessment for learning (AfL)4 tools (see Chapter 2, 
paragraph 2.1 for a more in-depth discussion of this type of tool). This was the 
beginning of my journey to find and/or design such an assessment tool. 
 
1.2 Mathematical assessment tool for learning  
 
As indicated in the previous section, the focus of this study is on the design of an 
assessment tool informed by the notion, AfL. I was convinced that there was an urgent 
need for an assessment tool which was embedded in conceptual development 
theories as well as the curriculum, and that such a tool would have the potential to 
provide teachers with valuable information on the breadth and depth of learners’ 
understanding of prescribed curriculum concepts as well as of this procedural 
knowledge underpinning these. Put differently, I wanted to know whether they 
understand both the concept and the procedure/s. 
 
My first claim related to the need for an assessment tool that tested for learning was 
based on my conviction that it was important to understand the curriculum content of 
the South Africa curriculum and assessment policy (CAPS) for the FP (see paragraph 
2.2.2 for a detailed discussion). I argued that adequate knowledge of the curriculum 
was a prerequisite to an understanding of the concepts which had to be assessed as 
well as to the incorporation of theories on how learners make sense of these concepts. 
My second claim was that, while knowledge of curriculum and curriculum content 
might be sufficient to test for learning an in-depth understanding of how learners 
acquire and develop an understanding of these concepts is equally important (National 
Research Council, 2006b).  
 
4 Assessment for Learning, or AfL (Harrison, 2015), will be discussed in more depth in paragraph 2.1. 
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As an advocate of cognitive learning theories, I agree that human beings build 
(construct) new knowledge based on their previous knowledge (Piaget, 1965). I 
therefore used a cognitive psychological approach in my attempt to understand the 
mental processes of learners (Carey, 2009, Gopnik, 2001 & Spelke, 2000). Research 
by Dehaene (2011) and Butterworth (1999) of how young children acquire 
mathematical concepts from a neuroscientific perspective was also studied. I also 
found studies done in South Africa that incorporated these field of research in the 
theoretical frameworks informing their test designs (De Villiers, 2015, Henning & 
Ragpot, 2015). These researchers used a theoretical framework called the Fritz-model 
(see paragraph 2.6.1), which indicated the hierarchical levels of young children’s 
mathematical conceptual development as suggested in cognitive psychological and 
neuro-science theories. De Villiers (2015) and Henning et al. (2004) both used the 
Fritz-model5 in an assessment tool known as the Mathematical and Arithmetical 
Competence Diagnostic Test (MARKO-D).  
 
The tests designed by De Villiers (2015) and Henning & Ragpot (2015) were not, 
however, based on CAPS curriculum concepts (see paragraph 2.2.2). I wanted to see 
if it was possible to design an assessment tool in which the CAPS concepts could be 
tested within the parameters of the Fritz-model.  To this purpose, I used the five 
hierarchical levels (see paragraph 2.6.1) of the Fritz-model in this study as basis for 
the evaluation of learners’ mathematical concept knowledge which, according to me, 
underlines the basic curriculum skills that I wanted to assess.   
 
1.3 Research Question and Aims 
 
To address the problem of designing an assessment tool in which grade 3 learners 
could be assessed for learning in the field of Mathematics, I planned to develop a test 
that could accurately and purposefully assess learners on this aspect, hence my 
research question, namely: ‘How will grade 3 learners perform on a customized 
curriculum-based test?’  
 
5 The ‘Fritz-model, was designed to assess the different hierarchical levels of young learners’ 
development of mathematical concepts (Fritz et al., 2013:39). It was also used as basis for the design 
of a test called the Mathematical and Arithmetical Competence Diagnostic Test (MARKO-D) (Fritz et 
al., 2009; Fritz et al 2013; Fritz & Ricken, 2008), 
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Additional questions related to my main research questions were: 
i)  Which test items should be included in a grade 3 Mathematics assessment tool that        
   assesses for learning in the content area6: Numbers, Operations and Relationships? 
ii)  How do learners perform on the initial piloting of the assessment tool? 
iii) What is the average level of conceptual development of grade 3 learners according      
     to the hierarchical levels of the Fritz-model?  
 
The main aim of the study is: ‘Can an assessment tool be designed with the aim to 
test for learning?’  
 
 1.4 Research Methodology 
 
My study is embedded in Design-Based Research (DBR) (Van den Akker, 
Gravemeijer and McKenney, 2006) (see paragraph 3.1.1). I utilised a process of DBR 
proposed by Reeves (2006), which consists of four steps (see Chapter 3 paragraph 
3.1.1). I followed the steps proposed by Reeves (2006) but adapted the actions 
followed in each step to suit my study. I furthermore collected and analysed data in 
two iterative cycles (Figure 3.3), Cycle 1 being the initial test item development and 
revision with a panel of experts and Cycle 2 being the piloting of the assessment tool 
with a group of learners.   
 
Briefly, the process followed in these two cycles, in terms of sampling, data collection 
and analysis were as set out below. 
 
1.4.1 Cycle 1 
 
Cycle 1 (see paragraph 3.2) consisted of three parts: in Part 1, I designed 92 potential 
test items (see Appendix C for the 92 test items according to the aims of the MARKO-
 
6The term ‘content area’ will be used in this study to refer to the ‘learning area’ in the Mathematics 
curriculum – for example Numbers, Operations and Relationships. The reason why the term ‘learning 
area’ from the curriculum is not used, is that it might be confusing as ‘learning area’ had also referred 
to school subjects like English or Natural Science in the past. 
 
7 
 
D SA test7) according to operationalised principles derived from the curriculum 
outcomes and levels of the theoretical model (see Step 2 of the DBR process, 
paragraph 3.1.2) which I developed in Step 2 of the DBR process. In Part 2, of Cycle 
1, I invited a panel of experts to a work session where I presented the 92 test items to 
them (see Appendix D for assessment tool with 92 test items as it was presented to 
the panel of experts) for discussion and evaluation; in Part 3 of Cycle 1, the final items 
for the AfL tool were selected based on the panel’s guidance and expert advice.   
 
Sampling - the non-probability method I was used was a purposive sampling method 
by means of which I purposively selected experts with a specific purpose in mind 
(Henning, Van Rensburg and Smit, 2004), namely to could guide me in the selection 
of items appropriate to the design of an assessment which would serve the purposes 
indicated earlier.  This purpose, to briefly reiterate, was to design an assessment tool 
that would lend itself to simultaneously assess grade 3 learners’ knowledge and 
understanding of prescribed curriculum content as well as their levels of conceptual 
development. The panel of experts included FP teachers as well as FP pre-service 
teacher educators who had taught in the FP prior to entering higher education. By 
implication they would, so I assumed, be able to use their knowledge of and expertise 
of pedagogy, learning and other theories, and curriculum as reference points in their 
evaluation of the test items presented to them. In doing so, they would be assisting 
me to design an assessment tool that would assess learners’ understanding of 
mathematics rather than their ability to simply regurgitate what they remembered (see 
paragraph 3.2.1). 
 
Data Collection – Consisted of open-ended discussion with a panel of experts (see 
paragraph 3.2.2) to get their opinions on what items to include from the initial 92 test 
items for the pilot test that will be done with grade 3 learners in Cycle 2 of data 
collection process. The discussion was voice recorder (see Appendix H for voice 
recording of discussion with the panel of experts) to transcribe the panel of experts’ 
opinions for the purpose of analysing the data.  
 
 
7 Fritz and her team (Fritz, Ricken & Balzer, 2009; Fritz, Ehlert & Balzer, 2013:58; Fritz & Ricken, 
2008) used the Fritz-model of hierarchical levels to design a test known as the MARKO-D test, 
designed to assess young learners mathematical concept development. 
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Data Analysis - In Cycle 1 data analysis involved the transcribing and coding (see 
Appendix F for full transcription of discussion with code selection) the panel discussion 
voice recordings (see paragraph 3.2.3) (Maree & Pietersen, 2008) and then collapsing 
the codes into categories of similar meaning (Henning et al., 2004) which eventually 
formed themes which could serve as possible thematic concerns in test developing. 
From these thematical concerns a possible criteria for the selection of test items was 
derived that could be used as a guide by test developers.  
 
1.4.2 Cycle 2 
 
Cycle 2 (see paragraph 3.3) involved the piloting of the tentatively designed 
assessment tool, which consisted of 47 (see Appendix E for pilot test with 47 test 
items) selected test items, on 159 learners, in four grade 3 classes, in two schools. In 
this study I stopped the iterative cycle of testing and refinement after this cycle of the 
initial testing of grade 3 learners.  
 
Sampling - The first step in the purposively selected sample of learners was the 
identification of two schools that could potentially be fairly representative of a public 
and a middle-income private school in South Africa (see paragraphs 3.3.1). Grade 3 
learners in one school in Soweto and one to the East of Johannesburg were tested on 
the finalised items. Altogether four classes with a total of 159 learners participated in 
the study.   
 
Data collection - The learners who participated in the pilot test were given the 
opportunity to answer the questions individually within a time limit of 90 minutes - the 
stipulated time limit according to the curriculum (see paragraph 3.3.2). 
 
Data analysis - The test results were coded and analysed quantitatively. Test scores 
were used to draw graphs from which the standard deviation of the test results was 
determined (see paragraph 3.3.3).  
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1.5 Trustworthiness of the study 
 
As the data collection was done in two cycles, I had to further consider ethical aspects 
for participants involved in both cycles (see paragraph 3.4). Trustworthiness has 
nothing to do with ethical considerations: it is a term used with regard to the reliability 
and validity of qualitative research, processes, findings and conclusions.  
 
1.5.1 Cycle 1: Ethical Considerations  
 
Letters of permission to conduct the interview were given to the panel of experts (see 
Appendix B2 for informed consent to participate in the study) (also see paragraph 3.4.1 
for a more in-depth discussion). In the consent letter the panel of experts were 
informed of the nature of the research and other necessary information like the 
procedures and purpose of the study. By signing the letter of consent each panel 
member agreed to participate in the study. Participants were also reminded that their 
participation was voluntary and that they could withdraw at any given time. Anonymity 
and inclusion of all participants were assured, allowing them the right to freedom of 
expression, choice, dignity and protection against harm (Singh, 2007).  
 
1.5.2 Cycle 2: Ethical Considerations 
 
In this study institutional approval was needed from the two schools involved (see 
paragraph 3.4.2), hence consent letters were signed by the governing bodies (see 
Appendix B4 for the consent letter for the school governing body) of both schools. 
When institutional approval is required, accurate information is provided regarding the 
research proposal and only once approval has been granted my research commence 
(Gravette & Forzano, 2012). Additionally, as the learner participants were minors, 
consent was obtained from their parents and/or guardians for them to participate in 
the study (see Appendix B3 for the parental consent form). Participants were also 
informed that their participation was voluntary and that they could withdraw at any 
given time. Anonymity and inclusion of all participants were assured, allowing them 
the right to freedom of expression, choice, dignity and protection against harm (Singh, 
2007).  
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1.6 Outline of dissertation  
 
Chapter 1: This chapter is aimed to give a general orientation to the study as well as 
the background which motivated me to do the study. It will orientate the reader to what 
literature was studied to establish the research within this framework. The chapter 
provides the motivation for the study within the South African context, the problem 
statement of the study, its aims and the questions that the study hopes to explore. 
 
Chapter 2:  This chapter is devoted to the presentation and discussion of different 
perspectives on assessment, focusing specifically the notion of assessment for 
learning (AfL) (Harrison, 2015). The Mathematics curricula for schools are also 
discussed, as are the impact of the curriculum on assessment, and the use of annual 
national assessments (the ANAs), which were typical of assessments which did not 
have AfL as purpose. In the final section of this chapter, I focus on young learners’ 
conceptual understanding of mathematics, with specific reference to perspectives 
expounded in cognitive developmental psychology and neuro-science. I also present 
a hierarchical model developed by Fritz, Ricken, Balzer (2009). This model could be 
used not only as basis for the design of assessment tools appropriate to the conceptual 
mathematics levels of South Africa’s FP’s learners, but also as a frame of reference 
within which teachers could determine the levels at which learners in their classes 
function conceptually in terms of their mathematical understanding. 
 
Chapter 3: In this chapter I describe and discuss the research design and process I 
employed in this study. The DBR design by Reeves (2006), that I used as my research 
paradigm is discussed first before I indicate how I utilised it as basis for the planning 
of the research process I intended to follow in this study. I then present the ways in 
which I collected and analysed data and reflected on the role and function of ethical 
considerations in research studies like mine.    
 
Chapter 4: In this chapter, I present the data collected during the two cycles of the 
study and describe the processes I followed in the coding and categorization of data 
derived from the voice recordings of the panel of experts’ discussion of the potential 
test items, indicating the themes emerging from these processes. I then discuss the 
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data collected in Cycle 2, that is, the results of the tests written by the grade 3 learners 
who participated in the pilot testing of the assessment tool.    
 
Chapter 5:  In this chapter I discuss the results of the study, basing my conclusions 
on the data presented in Chapter 4. Themes are discussed with reference to the 
literature reviewed during the study. I indicate and deliberate on the limitations of the 
study and its possible contributions to existing theories on and assessment of 
Mathematics for learning. Lastly, I offer some recommendations for further research 
suggested by the findings of this study.  
 
1.7 Conclusion  
 
This chapter provided a general orientation to the study as well as the background 
which motivated me to do the study. As such it serves as a framework within which 
research question, aims and objectives of the study were considered. I provided a brief 
description of my research design, indicating how I went about collecting and 
analysing data.  I also stated which ethical measures I took into consideration during 
the study and what I did to ensure the trustworthiness of the study and the validity of 
the research results/findings. 
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CHAPTER 2 
YOUNG LEARNERS MATHEMATICAL CONCEPTUAL DEVELOPMENT 
 
Effective assessment tools in Mathematics education should assess learner’s 
knowledge of curriculum outcomes while simultaneously ascertaining at which level of 
mathematics conceptualization a learner is functioning. In other words, Mathematics 
teachers need to determine not only what learners understand about the mathematical 
concepts taught as part of the curriculum but also the conceptual level of learners 
procedural understanding – that is, of the procedures they are using to answer a 
specific mathematics problem. Having determined these, teachers should then be able 
to assess for learning, use the results of the assessment to address gaps in learners’ 
curricular content knowledge (thus procedural knowledge), determine at which level 
of conceptual understanding they are functioning and then render the support needed 
for their further conceptual development. Figure 2.1, which follows, illustrates the 
sequence in which I discuss literature that highlights the need for this study in this 
chapter.   
Figure 2.1. Main outline of discussion and argumentation in this chapter. 
My study:
Design of a maths assessment 
tool  for Grade 3 that will adhere 
to AfL and utilizes both 
curriculum outcomes and levels 
of math conceptual development  
Criteria for assessment tool 
from Education:
Grade 3 outcomes in learning area 
numbers, operations and 
relationships as criteria for test so 
that teachers can know afterwards 
where to address gaps in children’s 
curricular knowledge
Section 3: 
Children’s math 
conceptual development
Criteria for assessment tool 
from conceptual 
development:
Fritz-model of young children’s 
hierarchical math conceptual 
development so that teachers can 
know from results which level the 
child has mastered and what is still 
developing
Section 1:
Assessment for Learning 
(AfL)
ü Curriculum
Section 2: 
Mathematics in 
education
ü Assessment in the curriculum
ü ANA as example of curricular-
based test
MAIN ARGUMENT 
Maths assessment tools that will 
support children’s learning should be 
based on both curricular outcomes 
and children’s level of conceptual 
understanding
ü Key points of AfL
ü Insights from neuroscientific 
research
ü Insights from cognitive 
developmental psychology
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The focus of the first section of the chapter is on notions of assessment, with specific 
reference to Assessment for Learning (AfL) (further discussed in paragraph 2.1). AfL 
highlights the need for assessment tools to not only measure learners’ understanding 
of curriculum content, but to also take cognisance of their conceptual level of their 
understanding of mathematics. The first section having paved the way for sections two 
and three, the focus of the second section is on Mathematics education – thus 
Mathematics learning at school. More specifically, the focus in this section is on 
Mathematics school curricula, the South African Curriculum and Assessment Policy 
Statement (CAPS) (DoE, 2011) in particular. In this section, I therefore unpack the 
current Mathematics curriculum outcomes, focussing on Mathematics education in the 
Foundation Phase (FP), with specific reference to grade 3. I also unpack the way the 
curriculum directs assessment to determine whether the current South African school 
curriculum advocates AfL. Following this, I give an account of a curriculum-based 
assessment tool - the Annual National Assessment (colloquially referred to as the 
ANA’s) - which, although now abolished, regulated classroom assessment cross 
South Africa (SA) for a number of years. Although this test is no longer written it 
features in my discussion because it was used as a powerful yardstick against which 
teacher performance rather than learner competency was measured. It was this 
emphasis which motivated me to embark on this study because, so I will argue, it is a 
good example of a purely curricular-based assessment tool but without taking learners 
cognitive developmental level of mathematics into consideration. 
 
In the third and final section of the chapter I discuss the developmental levels of young 
learners conceptual understanding of Mathematics. My discussion is primarily 
informed by literature reflecting perspectives on young learners’ mathematical 
development in the fields of cognitive developmental psychology and neuro-science. 
It was research findings from these two fields which informed the development of a 
model by Fritz, Ricken and Balzer (2013) which describes young learners’ conceptual 
mathematical development. This hierarchical model, referred to as the Fritz-model, is 
presented in my discussion as an ideal guide for the design of an assessment tool by 
means of which teachers could determine the conceptual levels at which learners in 
their classes function in terms of their understanding of mathematics. 
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2.1 Assessment for Learning 
 
Assessment in education includes a wide variety of methods, tools and 
measurements. Teachers use these to assess, measure and evaluate not only 
learners’ progress and acquisition of skills but also to determine what learners 
misunderstand and what could be done to address such misunderstandings (Jones, 
2005). Assessment is therefore used both as a tool to determine whether what was 
taught in terms of the curriculum was understood but also to help teachers improve 
their own instruction, as rectify mistakes and help learners overcome difficulties in their 
understanding of mathematical curriculum content (Jones, 2005).    
 
According to Jones (2005), assessment should not be used only to produce results of 
teaching but also to indicate the extent to which learning has taken place and/or 
progressed. Assessment cannot be an isolated aspect of the education process: it 
should be part of a process which facilitates the interlinking of assessment objectives 
(curriculum), knowledge (understanding) and instruction (teaching). Put differently, 
assessment should give teachers an indication of how well learners understood the 
curriculum taught to them, revealing what learners have learned up to a certain point 
and to what extent instruction has contributed to their learning.   
 
The three afore-mentioned components – curriculum (assessment objectives) - need 
to be closely linked if assessment is to be purposeful and instruction towards the 
achievement of objectives is to be meaningful to learners. In short, teachers should 
use assessment as an instructional tool and/or guide to learning (Harrison, 2015). 
Referring to this kind of assessment as “Assessment for Learning (AfL)”, Harrison 
(2015, p. 78) moots that assessment should focus on supporting learning rather than 
judging achievement. By using AfL, according to Harrison (2015), teachers will be able 
to determine what learners know, what they partly know and what they do not know. 
Using this information as basis, teachers could then design follow-on activities that 
would advance learning (Harrison, 2015). According to Harrison (2015), assessment 
therefore becomes a tool which teachers must use to reflect on how learners are 
making sense of what their teachers are teaching them. Teachers who see that 
learners are getting incorrect answers must then reflect on, assess and, possibly, 
adjust/adapt their teaching methods/ practices. In addition, according to Harrison 
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(2015), assessment could serve as a tool for learners to reflect on the way/s in which 
they made sense of what they were taught, where they formed misconceptions and/or 
which ‘empty spaces’ or gaps need to be filled. Sometimes learners think they 
understand something until they are assessed on it: then they realise that they did not 
follow the correct procedures or steps (Harrison, 2015). Therefore, according to 
Heritage (2010) assessment should be used by all those involved in education, 
learners and teachers alike, as a tool to draw conclusions about learning progress and 
requisite future learnings. 
 
Knowledge of curriculum, curriculum content and how learners will acquire this content 
is essential for effective assessment for learning (National Research Council, 2006b). 
Teachers must not only know which content has to be taught in a specific subject but 
also students learn this content to design an effective assessment tool (National 
Research Council, 2006b). In other words, to provide effective learning opportunities, 
teachers need to understand not only the curriculum and its goals but also how these 
goals could be explained to learners to ensure their understanding of curriculum 
content.  By implication, teachers should at least have an inkling of how learners are 
likely to understand - or misunderstand - certain concepts when they encounter these 
concepts for the first time (Heritage, 2010). In fact, according to Gibbs and Simpson 
(2004), assessment for learning is dependent on teachers’ knowledge of how learners 
think and learn. Since each learner is different teachers need to closely observe 
learning situations to pick up when a learner is not understanding what is being taught 
and to act on those indications to ensure learning.  
 
Gibbs and Simpson (2004) also argue that assessment should measure progress, not 
just achievement. Moreover, according to them, assessment results only provide 
feedback on a specific assessment task and should not be regarded as a validation of 
what learners’ general ability is. It might well be that the child, or children, concerned 
had an off day or did not understand that specific content being tested in that specific 
task. To reach a valid and fair conclusion about a learners’ progress or competence, 
according to Gibbs and Simpson (2004), teachers need to collect information by 
means of different kinds of assessment tasks, formal and informal alike. They should 
also use a range of approaches to test learners and in between these tests help 
learners to overcome difficulties and correct misconceptions. 
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2.2 Mathematics in education 
 
Defining the term, ‘Mathematics’, is difficult because the perspectives of those defining 
it might differ markedly: some define it from a life science perspective, some from a 
philosophical perspective and yet others from specific disciplinary of subject 
perspectives. Consequently, each field of study seems to have its own definition of 
mathematics (Haylock & Cockburn, 2008). Viewed from an educational perspective 
the term, ‘mathematics’ could be applied to anything which involves working with 
numbers. The ability to use numbers and mathematical concepts for reasoning 
purposes is called numeracy (Haylock & Cockburn, 2008) and it is this type of 
mathematics that is prescribed in the school curriculum. Educators in all content areas 
and/or subjects must teach learners how to apply and use numbers in the 
interpretation of information in their specific subject. Applied to the CAPS, 
Mathematics could therefore be defined as the language of symbols and notations, a 
language used 
“for describing numerical, geometric and graphical relationships. It is a human 
activity that involves observing, representing and investigating patterns and 
qualitative relationships in physical and social phenomena and between 
mathematical objects themselves. It helps to develop mental processes that 
enhance logical and critical thinking, accuracy and problem-solving that will 
contribute to decision-making” (DBE, 2012, p. 8). 
 
According to Reys, Lindquist, Lambdin, Smith and Suydam (2001), Mathematics in 
education comprises of five mathematical processes:  
“i) The first process is problem solving and during this process, the teacher offers 
children real-life problems/situations involving numbers, shapes or patterns; ii) The 
second process, being reasoning and proof as with their very earliest experiences 
with mathematical challenges and problems, children should understand that they 
are expected to supply reasons for their arguments and to write it down on paper; 
 iii) The third, being communication as language, is a powerful tool for organizing 
thinking about mathematical ideas; iv) The fourth, … being connections, educators 
must always ask learners to tell them what the differences and similarities between 
their solutions are. Learners start making connections of how concepts are 
interlinked between each other and in what way concepts differ; v) The last 
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process, being representations. [requires] teaching children [that] how to present 
their mathematical ideas in different ways must always be part of mathematical 
reasoning.” 
 
If teachers do not understand the essence of the true definition of mathematics, there 
will be no use for pedagogy, since teaching retention and teaching mathematics are 
two separate things. Unless teachers understand how to establish links between the 
Mathematics curriculum and mathematical processes, pedagogy and assessment will 
mean nothing.  
 
In the next section the focus is on curricula, the specific focus being on the 
investigation of the Mathematics curriculum for the FP. Informing this focus is the 
imperative to highlight the specific outcomes against which learners will be assessed 
to determine whether or not they should be deemed competent in a content area or 
subject in a specific grade and/or in a specific aspect of the subject – Numbers, 
Operations and Relationships within grade 3 Mathematics, for example.  
 
2.2.1 Language and vocabulary in Mathematics 
 
According to Farrugia (2016, p. 223) mathematical language is not only important for 
developing mathematical skills but is also important to communicate our mathematical 
reasoning. Farrugia (2016, p. 223) argues that ‘quality of the input’ will determine how 
well children’s mathematical vocabulary will be. It is clear from this definition that if a 
teacher does not use the correct mathematical language in class while explaining 
concepts to learners, they will fail to learn the mathematical vocabulary. Without 
vocabulary, learners will not be able to communicate to themselves or others the way 
of reasoning behind a mathematical solution or operation. Teachers and learners 
should communicate in a suitable way by using appropriate mathematical language to 
explain and understand mathematical procedures for mathematical skills to be 
developed that can be communicated by both parties.  
 
According to Spelke (2012) the role of language in mathematical cognition is ‘small 
but crucial’. She suggests that language influences how learners understand 
mathematics as it is a factor that plays a role in how they understand the problem that 
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needs to be solved. Henning & Ragpot (2015, p. 74) research show that the interaction 
between language and conceptual meaning of the language plays a crucial part in 
learners’ mathematical abilities for example a child needs to conceptualize the value 
of a number by connecting the number-words to number-symbols and number-
symbols to number values. Dehaene (2011) states clearly that the power of 
numeration systems stems from children’s ability to establish precise links between 
linguistic symbols and the quantities they express. 
 
The connection between language and mathematics must intersect for learning to take 
place. Langhorst, Ehlert and Fritz (2013, p. 82) suggest that “language can be seen 
as a key medium for teaching and learning mathematics”. According to Langhorst et 
al. (2013), phonological awareness (the ability to analyse and manipulate the sound 
structure of spoken language) plays a significant role in mathematical performance. 
Young children implement their own phonological awareness and memory (working 
memory) in order to make sense of words that would hold a mathematical action. For 
example, when someone uses the word ‘more’, what is the meaning of that word in 
the mathematical context? Young children should have the opportunity to experience 
the meaning of words like ‘more’ and ‘less’ in a playful situation where estimation of 
numbers is encouraged. What a certain mathematical term means and how it could 
be used in mathematical games, forms a critical basis for mathematical milestones. 
 
Henning & Ragpot (2015, p. 74) research show that the interaction between language 
and conceptual meaning of the language plays a crucial part in learners’ mathematical 
abilities for example a child needs to conceptualize the value of a number by 
connecting the number-words to number-symbols and number-symbols to number 
values. Dehaene (2011) states clearly that the power of numeration systems stems 
from children’s ability to establish precise links between linguistic symbols and the 
quantities they express. 
 
2.2.2 The South African Mathematics curriculum for grade 3 
 
The term curriculum refers to “the lessons and academic content taught in a school 
or in a specific course or program, but it is rarely used in such a general sense in 
schools” (Egan, 2003, p. 13). Curriculum refers to the knowledge and skills students 
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are expected to learn, which includes (Egan, 2003, p. 15) the learning standards they 
are expected to meet, the units and lessons that teachers teach, the assignments and 
projects given to students, the books, materials, videos, presentations, and readings 
used in a course and the tests, assessments, and other methods used to evaluate 
their  learning. A teacher’s curriculum for his/her subject would be the specific learning 
standards, lessons, assignments and materials used to organize and teach it.  
 
The South African National Curriculum Statement (NCS) was phased into schools in 
2005 (Ramrathan, 2013). In 2011, due to various problems with its implementation, it 
was reviewed and amended. Known as the Curriculum and Assessment Policy 
Statement (CAPS) all educators in South Africa’s government schools were instructed 
to implement the new CAPS policy. Since CAPS was not, according to the Department 
of Basic Education, a new curriculum but an amendment to the existing National 
Curriculum Statement (NCS) (DBE, 2012), the processes and procedures stipulated 
in the NCS for Grades R – 12 remained in place (Pinnock, 2011). In other words, the 
CAPS was regarded as a modification of what to teach (curriculum), not of how to 
teach (teaching methods).  
  
Given that the CAPS document is essentially a policy document, it consists of detailed 
explanations of the curriculum and assessment standards that should be implemented 
in the South African schooling sector (DBE, 2012). Aimed at improving curriculum 
implementation and, by implication, education as whole in South Africa (DBE, 2012), 
the CAPS clearly indicate which guidelines, assessment standards and procedures 
the schooling sector should use in each subject. More specifically, explanations focus 
on processes and procedure related to teaching methodology, the planning and 
organizing of timetables, the allocation of time (in hours) to different subjects and the 
content that should be prioritized in teaching, learning and assessment. In addition to 
these explanations, the CAPS document also stipulates guidelines and assessment 
standards for each grade to ensure that the implementation of the curriculum is as 
effective as possible. 
 
Since the focus of this study is on the assessment of Mathematics only, discussion 
focuses solely on the CAPS for Mathematics. The CAPS for Mathematics specifies 
the aims and skills that should be the focus of lessons to ensure that learners should 
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have achieved them at the end of a specific term and/or year. To this purpose, the 
CAPS provides teachers with clear guidelines on the content that should be covered, 
the concepts that should be taught and the resources that could be used to do so.  It 
also provides teachers with a thorough outline of the aims that should direct/inform the 
planning and delivery of their lessons. These aims, I as spelt out in the CAPS 
document (DoE, 2011, p. 8) are presented in Table 2.1, which follows.  
  
Table 2.1. Aims of curriculum in teaching and learning 
(DoE, 2011, p. 8)  
 
Evident from the aims as presented in Table 2.1 is the importance of instilling in 
learners a spirit of curiosity in and a deep conceptual understanding of Mathematics.  
 
In addition to stipulating the aims of Mathematics teaching and learning, the CAPS 
document includes a comprehensive outline of the mathematical skills that learners 
should acquire during the course of Mathematics lessons and which, by implication, 
should be assessed at specific points in time. These skills are presented in Table 2.2. 
teaching and learning education.  
 
 
 
Aims of curriculum in teaching and learning. 
Critical awareness of how mathematical relationships are used in social, environmental, 
cultural and economic relations 
Confidence and competence to deal with any mathematical situation without being hindered 
by a fear of Mathematics 
A spirit of curiosity and a love of Mathematics 
Appreciation for the beauty and elegance of Mathematics 
Recognition that Mathematics is a creative part of human activity 
Deep conceptual understanding to make sense of Mathematics 
Acquisition of specific knowledge and skills necessary for: 
- The application of Mathematics to physical, social and mathematical problems 
- The study of related subject matter (e.g. other subjects)  
- Further study in Mathematics. 
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Table 2.2. Skills obtained through assessment 
Skills gained through assessment 
1. Develop the correct use of the language of Mathematics 
2. Develop number vocabulary, number concept and calculation and application skills 
3. Learn to listen, communicate, think, reason logically and apply the mathematical 
knowledge gained 
4. Learn to investigate, analyse, represent and interpret information; 
5. Learn to pose and solve problems 
6. Build an awareness of the important role that Mathematics plays in real-life 
situations, including the personal development of the learner. 
(DoE, 2011, p.9)  
 
The five Mathematics content areas8 which must be addressed in the FP each year 
(see Table 2.3 for more detail) are: i) Numbers, Operations and Relationships; ii) 
Patterns, Functions and algebra; iii) Space and shape; iv) Measurement, and v) Data 
Handling (DoE, 2011). Each of these content areas carry its own weighting that 
indicates the spectrum of concepts in the specific content area. The weight allocated 
to each component is determined by the number of concepts that must be assessed. 
Since some of the content areas cover a larger spectrum of concepts than others, they 
carry more weight, with the total weighting of all the areas adding up to one hundred 
(see Table 2.3). 
 
Table 2.3. Weighting of content areas 
Content Area Grade 3 Weighting 
Numbers, Operations and Relationships 65% 
Patterns, Functions and Algebra 10% 
Space and Shape (Geometry) 13% 
Measurement 14% 
Data Handling (Statistics) 5% 
                                                                 (DoE, 2011, p. 9)  
In Table 2.3 these weightings are set out according to each content area. Each content 
area has a percentage according to the number of concepts it is covering per the 
curriculum.   
 
8 The term ‘content area’ will be used in this study to refer to the ‘learning area’ in the Mathematics 
curriculum – for example Numbers, Operations and Relationships. The reason why the term ‘learning 
area’ from the curriculum is not used, is that it might be confusing as ‘learning area’ had also referred 
to school subjects like English or Natural Science in the past. 
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To ensure that the aims to be achieved in the teaching and learning of each of the 
Mathematics content areas (DoE, 2011, p. 9-10), the specific content that must be 
covered in each of the three FP grades is indicated in the CAPS and must, by 
implication, be incorporated in teachers’ lesson plans and their delivery of these 
lessons. It follows that teachers should be aware of these policy requirements because 
they provide teachers with the parameters within which the assessment of learner 
competency should take place. More specifically, the teaching of specific curriculum 
content should be purpose-focused, that is, it should have the achievement of specific 
aims as purpose. The assessment of learner competence should therefore be aimed 
at determining whether or not these aims have been achieved, that is, whether or not 
learners have acquired the knowledge, understanding and skills associated with the 
teaching of the content area in question concerned. The inclusion of a set of guidelines 
for curriculum content in the CAPS therefore provides teachers with the parameters 
within which they have to set a test which will not only indicate each child’s specific 
competency within that perimeter but will also guide them towards appropriate 
interventions if required.   
 
My study will focus on the first content area - Number, Operations and Relationships 
- only (see Table 2.4 for the general content focus and the specific content area 
outline). Informing my focus is the fact that Numbers, Operations and Relationships 
form 65% of the Foundation Phase Mathematics Curriculum (see Table 2.3 for the 
weighting of each content area).  Focusing on all the content areas would have made 
it impossible for me to incorporate all the concepts making up the content area 
Numbers, Operations and Relationships.  
 
As regards the assessment of Mathematics concepts, I would argue that one should 
consider the time it would take learners to write the test. Hence, if all the content areas 
were included some concepts associated with specific content areas would be left out 
of om the test. I argue that testing only certain aspects of one concept does not give 
one a true reflection of what children understand regarding that concept. On the other 
hand, if all the concepts covered in all the content areas were included in a test, the 
test would be too long for a grade 3 learner to write.   
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Table 2.4. Content area: Numbers, Operations and Relationships  
Numbers, Operations and Relationships 
General Content Focus Specific focus of content that needs to be taught 
Development of number 
sense  
that includes: 
i. The meaning of different 
kinds of numbers. 
 
ii. The relationship 
between different kinds 
of numbers. 
 
iii. The relative size of 
different numbers. 
 
iv. Representation of 
numbers in various 
ways. 
 
v. The effect of operating 
with numbers. 
i. The number range developed by the end of grade 
3 includes whole numbers to at least 1 000 and 
common fractions.  
ii. In this phase, the learners’ number concept is 
developed through working with physical objects to 
count collections of objects, partition and combine 
quantities, skip count in various ways, solve 
contextual (word) problems, and build up and break 
down numbers.  
iii. Counting enables learners to develop number 
concept, mental mathematics, estimation, 
calculation skills and recognition of patterns. 
iv. Number concept development helps learners to 
learn about properties of numbers and to develop 
strategies that can make calculations easier.  
v. Solving problems in context enables learners to 
communicate their own thinking orally and in 
writing through drawings and symbols.  
vi. Learners build an understanding of basic 
operations of addition, subtraction, multiplication 
and division.  
vii. Learners develop fraction concept through solving 
problems involving the sharing of physical 
quantities and by using drawings. Problems should 
include solutions that result in whole number 
remainders or fractions. Sharing should involve not 
only finding parts of wholes, but also finding parts 
of collections of objects. In this phase, learners are 
not expected to read or write fraction symbols. 
          (DoE, 2011:9-10) 
 
Table 2.4 indicates the specific focus for the content area Numbers, Operations and 
Relationships for grade 3 learners. Teachers are to use this as a guide (see first 
column of Table 2.4 of what concepts need to be taught to learners). The second 
column of Table 2.4 indicates the content that needs to be taught in this area and how 
to link it to the focus for each lesson. It explains to teachers exactly what needs to be 
done and in what way it should be done by referring to activities related to the content 
area. If a teacher does not know what the curriculum focus is, as outlined in Table 2.4 
for a specific content area, their assessment of learner competence will most probably 
not be in line with policy because what needs to be done in class and what needs to 
be assessed must correspond with the focus outline of the content area. 
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2.2.3 Assessment in the South African FP Mathematics curriculum 
 
The specific focus of this study, as indicated earlier, is on the assessment component 
of the CAPS document for the FP, with the assessment of Mathematics as subject 
being the specific focus of my investigation. I argue that the purpose of this study is 
not to determine whether learners in this phase are performing in all the content areas 
of the curriculum, only to determine whether they understand the mathematical 
constructs underlying the concepts they were taught and are being assessed on. 
Informing my purpose is the assumption that if one wants to design an assessment 
tool aimed at assessing learner’s conceptual development one needs to assess them 
on content taught from the curriculum, ensuring that such assessment is in tandem 
with the developmental levels of the hierarchical Fritz-model for young learners’ 
mathematical conceptual development (see paragraph 2.6 for an in-depth discussion 
of this model). This model will, so I argue, give the teacher a usable tool by means of 
which they can determine what the learner has mastered in terms of curriculum 
content and whether his/her conceptual understanding is developing as expected. 
Since this study aims to develop a classroom test which would be usable in terms of 
AfL (Harrison, 2015) it is important to see how the South African curriculum for FP 
Mathematics views and proposes purposeful assessment. So, although the curriculum 
outcomes were used to design the test in the content area Numbers, Operations and 
Relationships (see paragraph 2.2.1), the general approach for assessment in CAPS 
could shed more light on whether AfL is currently a focus in the assessment of FP 
Mathematics. 
 
Assessment in the FP (as is outlined in the CAPS document) is described as “a 
continuous planned process of identifying, gathering and interpreting information 
about the performance of learners, using various forms of assessment” (DoE, 2011, 
p. 485). To this purpose, according to the CAPS document, assessment should be a 
four-step process, with the first step  entailing the generation and collection of  
evidence on learners’ achievement, he second entailing the evaluation of such 
evidence, the third step entailing  the recording of findings and the fourth and final step 
entailing the use of the information to understand and assist the learner’s 
development, thus improving the process of learning and teaching (DoE, 2011, p. 
485). The first assessment teachers should conduct, according to the CAPS policy 
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(DoE, 2011), is a baseline assessment. This assessment should be done in the first 
term, not to label learners’ ability but to decide at which level the initial activities should 
be pitched and to determine which aspects need more attention (DBE, 2012). The 
rationale for this recommendation is that learners develop at different rates:  some 
start off slowly but might at a later stage progress more quickly.  Following the baseline 
assessment teachers should, according to the CAPS, utilize two assessment 
techniques - informal and formal assessment – to determine learners’ acquisition of 
knowledge and progress. In both cases learners should receive regular feedback to 
enhance their learning experience. In the FP, the main techniques of formal and 
informal assessment are observation by the teacher, oral discussion, practical 
demonstration and written recording, with grade R assessment being mainly oral and 
practical (DoE, 2011, p. 485).  
 
According to the CAPS (DoE, 2011), assessment for learning is a process of 
continuous collection of information on a learner’s achievement. This is also called 
informal assessment. Informal assessment is also referred to as daily assessment.  By 
implication it involves the daily monitoring of learner progress by means of 
observations, discussions, practical demonstrations, informal classroom interactions, 
etc. Informal/daily assessment should not be separate from learning activities taking 
place in the classroom: it should occur during teaching and learning, thus enabling the 
teacher to continuously monitor learners’ progress, to make daily instructional 
decisions (DoE, 2011, p. 485), to provide feedback to learners and to inform 
subsequent planning for teaching. At times the teacher may keep a checklist or use 
an observation schedule as a way of recording learners’ progress (DBE, 2012). At 
other times learners or the teacher may mark an exercise. Regardless of the technique 
used, the results of informal assessment do not, however, become part of the learners’ 
formal record or are considered for promotion and certification purposes (DoE, 2011). 
 
Formal assessment tasks are marked and formally recorded by the teacher for 
progression and certification purposes (DoE, 2011). It provides teachers with a 
systematic way of evaluating how well learners are progressing in a grade and in a 
subject. Formal assessments should, however, cater for the range of cognitive levels 
and abilities of learners. The design of formal assessment tasks should therefore cover 
the content of the subject in a variety of ways and a variety of assessment techniques 
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/ methods (observation, oral, practical and written) should be used to give each learner 
the opportunity to demonstrate what he or she can do (DoE, 2011). This is because 
some learners are more easily able to show what they know in a specific kind of 
assessment: some of them, who might find it difficult to read are good at Mathematics 
while others may not be at the required level of competence in the language of learning 
and teaching.  
 
To ensure that assessment results reflect the real abilities of learners like the ones 
mentioned in the previous paragraph, assessment tasks in Mathematics need to 
include activities and exercises that are not language-based and/or reading-
dependent. Different kinds of assessments are appropriate to the skills and concepts 
associated with different topics and/or different age groups. In the early grades, for 
example, observation checklists lend themselves particularly well to the assessment 
of a range of learner ability, whereas rubrics are useful in the evaluation of their 
problem-solving skills (DoE, 2011, p. 486). In addition to these requirements, the 
CAPS curriculum also stipulates that the number of formal assessment tasks that need 
to be written per grade as well the ways in which marks are allocated in assessment 
tasks need to be recorded and reported to learners. As this study focuses on grade 3 
learners only, I will only be discussing the CAPS requirements for this specific grade.   
 
According to the CAPS (DoE, 2011), teachers should set grade 3 learners two formal 
Mathematics tasks per term. Since formal Mathematics assessment tasks include 
more than one topic, assessment tasks given during a year need to cover all content 
areas and topics.  However, not everything in the curriculum needs to be formally 
assessed or formally reported upon. Numbers, Operations and Relationships make up 
65% of Mathematics in grades 1 to 3, hence 65% of formal assessment each term and 
over the year should be focused on Numbers, Operations and Relationships (DoE, 
2011). None of the formal assessment tasks should, moreover, be a single event or 
test. Even though some of the criteria could be assessed at the same time, others 
could be assessed at different times. If an assessment task includes tasks requiring 
the solving of problems by grouping or sharing as well as learners’ ability to measure 
capacity, these are more likely to l be assessed at different times and in different ways 
(DoE, 2011). 
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I have up to this point presented an overall perspective on assessment in education 
and discussed specific outlines for Mathematics in the FP as specified in the South 
African CAPS. I will now look at an example of curricular-designed (see paragraph 
2.2.3) assessment tools aimed solely at the assessment of certain aspects of a 
learner’s knowledge of concepts to be taught in the curriculum. 
 
2.2.4 The South African Annual National Assessments  
 
The CAPS document stipulates the concepts which should be taught to learners and 
which techniques should be used to assess learners’ mastery/understanding of these.  
There is, however, no mention of the relevance of conceptual understanding anywhere 
in the CAPS. I thus ask if it is not important to also state how children will make sense 
of concepts and, if so, how best to assess these concepts. Teachers would then be 
able to identify the level of conceptual understanding which underlies the operation a 
learner performs during a specific mathematical procedure. The CAPS document 
states that assessment should direct/inform re-teaching but, unless one first 
understands what the misconception or error was, the reteaching of a concept would 
serve no purpose whatsoever. Children make sense of things in different ways and if 
we, as teachers, do not understand how they process information we would not know 
how we should re-teach something:  perhaps the procedure we used in the first place 
made no sense to the learner. The question which then arises is, ‘Which controls are 
put in place nationally to ensure that teachers’ assessment of learner ability will ensure 
that learners demonstrate the competencies described in the curriculum outcomes 
stipulated in the CAPS document?’ One answer to this question was found in the 
analysis of national assessment surveys. Even though the national assessment survey 
which will be discussed in this study has since been discontinued, there is much to 
learn from its analysis, the survey being a good example of a purely curriculum-based 
assessment.  
 
National assessment surveys were first implemented in South Africa in 1996 (Kanjee 
2009). The main idea behind these surveys were that they would lend themselves to 
the obtaining of “relevant information from an education system to monitor and 
evaluate the performance of learners and other significant role-players as well as the 
functioning of relevant structures and programs within the system for the purpose of 
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improving learning” (Kanjee, 2009, p. 77). Whereas this argument for a national 
assessment seems valid and practical, the results it yielded proved to be questionable 
at least. One of these national assessment surveys was called the Annual National 
Assessment (ANA), implemented in 2010 as a national strategy to “monitor the level 
and quality of basic education with a view to ensuring that every learner receives basic 
education of a high quality, regardless of the school they attend” (Kanjee and Moloi, 
2014, p. 92). The, then compulsory, ANA-test was written every year in all South 
African public schools from 2010 to 2014 Although it has now been suspended, it was 
included in literature review because it was the main reason for my decision to conduct 
this study. As mentioned in Chapter One, the purpose of my study is not to determine 
whether the then ANA-test was a credible assessment tool but to use it as basis for 
my argument that assessment should address more than one aspect at the same time 
and that curriculum-based tests should adhere to this criterion. The then ANA test is 
therefore included in my study to illustrate how curriculum-based tests fail to assess 
learners’ mathematical conceptual understanding.  Using it as an example, I argue in 
this study that curriculum-based assessment is not a sufficient tool for the assessment 
of learners’ understanding and/or mastery of the mathematical concepts taught to 
them.  
 
According to the South African Democratic Teachers Union (SADTU) (2014) one of 
the biggest criticisms of the then ANA-test was that it changed the classroom practices 
of teachers, shifting their focus shifted from teaching in ways that addressed learners’ 
needs to the recording and reporting of learner scores. According to SADTU (2014), 
the then ANA-test “reinforces the traditional practice of teaching to test, where 
educational success is measured by achievement scores and statistical interpretations 
of results” (SADTU, 2014, p. 1). Focusing on the ‘real’ purpose of teaching, SADTU 
asks if the focus should be solely on results and/or whether it should not rather be on 
the child’s conceptual understanding of what s/he is taught. According to SADTU 
(2014), the emphasis on the former (results) affected the teaching of concepts as 
teachers in the foundation phase opted to teach children how to answer a test rather 
than how to think mathematically during the test. In other words, nether teachers nor 
learners were involved in the development of mathematical knowledge and skills; 
instead, they focused on the development of skills associated with the answering of 
question papers. More specifically, the learner is taught how to answer a question 
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posed in a specific way in a specific test like the then ANA-test (SADTU, 2014) instead 
of developing mathematical skills and knowledge. 
 
My argument is that if we only teach for results and not for understanding and 
application of knowledge we should question, or reconsider, the purpose of 
assessment and the design of assessment tasks. How can we assess children if the 
main aim of assessment is the recalling of specific methods and strategies? Is this 
really a credible way of giving feedback on what learners really can do and/or to tell 
what development has really taken place? I am not saying that the then ANA-test has 
no credibility value: I know that it gave us good feedback on the extent to which 
learners performance reflects the pedagogy by means of which they were taught. 
What I am suggesting is that that it did not accurately represent what children 
understood and could do mathematically.  
 
SADTU (2014, p. 3) seems to share my concern but from a somewhat different angle.  
Arguing that a test like the then ANA “encourages teachers to spend more time on the 
curriculum aspects to be covered in the test, forcing teachers to focus only on learners 
passing the then ANA test rather than focusing on improving overall learning 
achievement”, SADTU concludes that the  problem with mathematical assessment like 
this is that it is not a meaningful learning experience, one that  could give learners the 
opportunity to develop mathematical skills, concepts and knowledge set out in the 
curriculum. To be valid, according to Bruan, Kanjee, Bettinger and Kremer (2006), a 
test should reflect a combination of a curriculum and pedagogy which fostered the 
development of the cognitive skills that the test is designed to measure. Their view of 
credible testing is also reflected in the CAPS document, which defines “assessment” 
(DoE, 2011, p. 485) as a process of gathering valid and reliable information about the 
continuous performance of the learner.  
 
Another objection I had with the then ANA-test was with its format and scope. Since 
the questions asked were superficial, covering across all the content areas in a grade, 
it could not accurately determine or represent a learners’ understanding of the whole 
curriculum for that grade. It would, for example, assess only one aspect of fractions, 
because there was not enough time to assess all the different aspects of fractions.  
Consequently, a child’s success regarding a single question could by no means an 
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accurate representation of his/her ability to do fractions. Neither could one correct or 
incorrect answer be a true representation of the child’s conceptual understanding of 
fractions. What would have been more acceptable was a more comprehensive test 
with in-depth questions aimed at determining learners’ understanding of specific 
concepts, rather than just some questions that served as representative items of an 
entire content area.  
 
It is my contention that the design of a test should be based on the weighting accorded 
to each of the five content areas in the Mathematics curriculum. Since it is impossible 
to do this in a single test, the use of a once-off annual test to determine learner 
competence in Mathematics is problematic. Moreover, I question the assumption 
seemingly underlying annual testing, namely that teachers can teach the entire scope 
of the Mathematics curriculum for a single, once-off test. 
 
Another aspect of the then ANA test which was problematic was feedback. Learners’ 
marks were often poor, but they never received any feedback that would indicate the 
possible reasons for their poor performance (Sherrington, 2018). Nor, according to 
Sherrington (2018) were they ever informed about the purpose of the assessment.  
Assessment for learning, which was mooted as the ANA purpose, should provide 
learners with knowledge which would assist them in future assessments and the only 
why that this can happen is by giving them the kind of feedback that would help them 
realize what their errors were and how to fix them. According to Nicol (2010), it is this 
kind of assessment feedback which helps to develop learners’ capabilities to monitor, 
evaluate and regulate their own learning, encouraging them to think and gain new 
knowledge for themselves.  
 
The lack of constructive feedback might also be the reason for the poor results of other 
national assessment tests like the ‘Trends in International Mathematics and Science 
Study’ (TIMMS), which examines how well children are achieving in terms of the 
curriculum and instruction they are receiving (Hencke, Rutkowaki, Neuschmidt and 
Gonzalez, 2009).  To this purpose, questions in the TIMMS test children’ ability to think 
about mathematics. However, because the development of learner’s mathematical 
cognition was not what teachers saw as part of their preparation for national 
assessment tests like the then ANA, they did not attempt to develop learners’ 
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mathematical cognition. Consequently, as argued by Reyneke, Meyer and Nel (2010), 
the problems with assessment within South African schools are continuing. In their 
study of school-based assessment in South Africa was, these researchers (Reyneke, 
Meyer & Nel, 2010) identified the implementation of policy as the main problem with 
assessment in South Africa. Informed by insights gained from the Reyneke, Meyer 
and Nel (2010) study, reviews of ANA and TIMMS tests, and insights gained from my 
review of assessment literature in general, I came to the conclusion that national 
assessment tests like the then ANA-test took the focus away not only from curriculum 
policy but also from the need to stimulate learners’ conceptual development and the 
application of  pedagogy in a way that would bring theory and curriculum together.  
 
An understanding of not only the curriculum policies, but also of how the mind of the 
learner works to interpret the content needed to be learned in the curriculum, will 
enable teachers to better explain and help learners to understand for themselves. By 
linking the brain processes of a learner and the curriculum with cognitive theories of 
how children make sense of the world around them, focussing specifically on how they 
make sense of numbers, will improve teachers’ understanding of learners learning and 
of methods that will encourage their independent thinking and learning. Not only will 
such understanding affect teaching and learning but it should also help teachers 
design valid assessment tools because they will know what they are assessing and 
why they are assessing it. Their ability to give feedback to learners, help them to 
determine what went wrong and to fix possible errors or misconceptions might also 
improve.   
 
To conclude this section, curriculum plays an important role in guiding teachers on 
how to assess learners, giving them specific outlines of the content, they need to teach 
in order to address gaps in Mathematics content areas.  What is not always addressed 
in outcomes-based curriculum and assessment tools are learners conceptual 
understanding of mathematics. Thus, the concepts which underline procedures taught 
via curriculum outcomes is not always evident. In the next section, informed by 
viewpoints from cognitive developmental psychology and neuroscientific research, I 
focus on learners mathematical conceptual understanding and how they learn 
Mathematics. As I alluded earlier in this chapter, any ‘assessment for learning’ tool 
should include curricular outcomes. Teachers would then not only know which aspects 
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of procedural knowledge to address during interventions aimed at bridging learning 
gaps but also how to a learners’ conceptual understanding of mathematical 
procedures.    
 
2.3 Learners mathematical conceptual development 
 
How do children develop mathematical concepts? The answer to this question can be 
found in research on the development of mathematical ability in the brain (thus insights 
from neuroscience) and ideas from developmental psychology (on how children learn 
Mathematics).   
 
2.3.1 Insights from neuroscientific research on number concept development 
in the brain 
 
Neuroscience is a technological field of study that can help us understand, through 
functional Magnetic Resonance Imaging (fMRI), used to take snapshots of the brain 
within one or two seconds to indicate which parts of the brain are involved in different 
processing and thinking skills (Arthurs & Boniface, 2002). Results of experiments in 
which fMRI was used confirmed that a specific strip of the cortex contributes 
specifically to number processing – the horizontal segment of the Intraparietal Sulcus 
or HiPs for short (Dehaene, Molko, Cohen & Wilson, 2004).  
 
Neural research findings also indicate that a person has the ability to rapidly perceive 
an approximate number of objects (Dehaene, Molko, Cohen & Wilson, 2004). 
According to Dehaene, Molko, Cohen and Wilson (2004), the human brain has two 
number systems: a system for small, exact numbers and an approximate number 
system. The numbers one, two and three form part of both systems as humans have 
both a rapid, approximate representation and an exact representation of these three 
numbers. Both systems are present at birth (Dehaene, Molko, Cohen & Wilson, 2004).  
An integration of both systems and the use of symbolic numbers contribute to the 
understanding of mathematical concepts (Dehaene, Molko, Cohen & Wilson, 2004). A 
sense of number is part of Homo sapiens’ core knowledge (Feigenson, Dehaene & 
Spelke, 2004). According to Dehaene (2011) this sense is present early on in infancy 
and, with a reproducible cerebral substrate. Moreover, according to Dehaene et al 
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(2004), it permits a rapid evaluation of appropriately how many objects are present in 
a scene, whether the number is more than another number and how this number is 
changed by simple operations of addition and subtraction.  Dehaene (2011) describes 
experiments which show that human infants have a rudimentary number sense. Based 
on these studies, Dehaene (2011) posits concluding that this number sense is as basic 
as our perception of colour because it is wired into the brain and that if you want to 
make sure the mathematics you are teaching to children are meaningful, you must 
know something about how the brain represents number. 
 
To determine which aspects of our mathematical ability are innate, and which are 
learned as well as how the two systems overlap and affect each other, Dehaene (2011) 
used brain-scanning technology to determine precisely where in the folds and crevices 
of the cerebral cortex our numerical faculties are nestled. He has, moreover, weighed 
the extent to which some languages make numbers more difficult than others. Based 
on his findings, Dehaene (2011) concluded that we are all born with an evolutionarily 
ancient mathematical instinct. To become numerate, children must not only capitalize 
on this instinct but also unlearn certain tendencies which, while helpful to our primate 
ancestors, clash with skills needed today. Some societies are evidently better than 
others at getting kids to do this. 
 
Dehaene’s (2011) work raises crucial issues about the way mathematics is taught. 
The acquisition of number sense is often considered to develop in stages along a 
continuum, rather than as a static object that is either possessed or not. Referring to 
research by cognitive psychologists, such as Jean Piaget (1954), Spelke (2004, 2012), 
and Carey (2009), Gopnik (2001) and Dehaene (2011) reports that most children enter 
preschool with a well-developed understanding of approximation and counting, hence 
the discussion of Dehaene’s and Wynn’s research in this section. However, since the 
focus of my study is on how children learn mathematics – thus cognitive 
developmental - I discuss in more detail Dehaene’s research on mathematical 
cognition, which includes information on how children acquire mathematics and what 
the basis for their thinking of numbers is.  
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2.3.2 What does numerical cognition include 
 
Dehaene (2011) identified various aspects of numerical cognition which represent the 
including principles guiding learners’ acquisition of the numerical concepts.   
 
i) The first aspect, ‘numerical cognition, according to Dehaene (ibid), refers both to 
the ways in which infants acquire an understanding of numbers and to how much 
of this understanding they are born with.  Based on the assumption that learners 
are endowed with unlearned principles to count, Dehaene (2011) argues that they 
do not have to be taught that each object must only be counted once, that number 
words must be recited in a fixed order, or that the last number represents the 
cardinal of the whole set. According to him, this counting knowledge is innate in all 
children, thus counting is initially just parroting, with children observing how others 
count and mimicking this by themselves. He suggests, moreover that, by the age of 
four, children know the basics of how to count but not why. They also know that the 
order of reciting numerals is important but not the order in which they point, just as 
they know they must only count it once. According to Dehaene (2011), children 
count by showing numbers on their fingers and/or with their noses, by saying the 
words (for example: 4+2 = one two three four five six). They start with bigger 
numbers like 4 and then adds two (minimum strategy). Counting on is another word 
for this method. This is in place at 5 years of age. Metaphorically comparing the way 
children learn to count with the way in which cooks use a recipe, Dehaene (2011) 
claims that they will try something, evaluate the quality, and then decide if they want 
to continue. This, then, is how we, as educators, should also approach the teaching 
of mathematical skills to children, taking the time and the correct answer into 
account with learners’ internal evaluation. Between the ages of 4 and 7, Dehaene 
(ibid) argues, children exhibit an intuitive understanding of what calculations mean. 
As is the case in adult arithmetic, where memory speeds up the retrieval of answers 
from the brain also plays a crucial part in the arithmetic of children. When adults 
look at numbers their brains automatically use subtraction or addition. The same 
applies to children: they can use addition and subtraction by knowing there is a 
number before. The cognitive developmental psychologist, Karen Wynn (1990), 
argues that infants keep track of the number of objects in the addition-subtraction 
task by means of internal continuous magnitudes, using the magnitudes to predict 
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what they will find. Wynn’s evidence suggests that learners in this task can already 
perform simple counting and they already understand meaning of elements in their 
list of counting terms. The integration of multiplication does, however, seem to be a 
hurdle for children, who confuse it with addition because of memory.  
 
ii) According to Dehaene (2011), the association of linguistic symbols with numerical 
qualities is part of numerical cognition. on with linguistics, claiming that   people 
cross cultures use numbers for one, two and three, and thereafter start using 
symbols for the other numbers. This, according to him, is a parallel with infants’ 
number discrimination abilities, suggesting that it is language and culture which 
enables humans, unlike animals, to go beyond the number, three. Berteletti, 
Lucangeli, Dehaene, Piazza & Zorzi (2010) also suggest that children show 
numerical abilities long before language acquisition and formal education. School 
age children performing a numerical estimation task have been shown to 
increasingly rely on a formal, appropriate, linear representation while decreasing 
their use of an intuitive, logarithmic one. It is, according to Dehaene (2011), the 
afore-mentioned qualities of numerical cognition which forms the basis for human 
beings’ ability to perform complex calculations:  Number perception, according to 
him, is automatic, immediate and without conscious control and number sense, or 
mathematical intuition, is an inherited capacity that we share with other animals. 
There is a specific strip in the cortex, in the left and right pariental lobe that 
contributes to number processing. Located in a deep grove at the back of the brain, 
namely the intraparietal sulcus, it is called the hIPS. This region regulates quantity 
and all number presentations. When numbers are far apart - like 19 and 65, for 
example - we find it easier to distinguish between them than when they are closer 
10 and 12, for example. Activation in the brain is low when the distance is larger. 
Size, location, space time and number, all of which we use to solve problems, are 
located in a similar region of parietal cortex.  We need spatial attention to know 
where numbers are on the number line. Large numbers attract attention to the right, 
small numbers attract attention to the left. Neurons are the computing units of the 
cortex (some neurons code for number). Parietal neurons are specialized units for 
primary number codes and lower neurons in the pre-frontal cortex for storing 
information. The right parietal region may be functional very early in life. Since a 
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learners’ mind is divided in specific streams dedicated to number and shape, 
learners can identify between one, two and three. 
 
Informed by the insights I gained from the research findings referred to, I argue in this 
study that assessment cannot be effectively conducted without knowledge of theory 
and research:  if we do not know what children already know, how will we know where 
to start with pedagogy. Understanding the brain can help us understand how children 
think mathematically which, in turn, could help us link with neuroscience. 
 
According to Dehaene (2011), we (mathematics teachers) teach meaningless recipes 
to children, telling them not to count on their fingers when this is, in fact, not only 
important but normal. We as teachers sometimes tell learners their way of doing 
something is wrong, that they should do it as the teacher does, whether they 
understand it or not, thus undermining/ignoring learners’ perception of mathematics. 
We, as teachers, should help children build a mental model of arithmetic which 
includes what Dehaene (2011) refers to as intuitive representations of quantities on 
the mental number line. Numbers have meaning and can be used to predict, explain 
and to make sense of the real world. 
 
Knowing how educational neuroscience brings together insights from neurological 
sciences, cognitive psychology, childhood development theories, educational 
psychology and theories on education could, according to Dehaene (2011), use 
lessons learnt from neuro-science as basis for the teaching of Mathematics, especially 
in the FP because it represents a merging/blending of biological and psychological 
perspectives on mathematical development. The inclusion of a psychological 
perspective in educational neuro-science is important because, without a sound 
knowledge and understanding of psychological perspectives on the origin of basic 
mathematical concepts it will be difficult to view how young children acquire 
mathematical concepts from only a neuroscientific lens (Butterworth, 1999; Dehaene, 
2011).  
 
Dehaene (2011) and Butterworth (1999) agree that, while technological techniques, 
such as MRI scans, could contribute a great deal to understanding cognition 
technology alone is not comprehensive enough in itself to answer all empirical 
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questions or theoretical questions. Psychological perspectives on how children learn 
concepts must be considered as well. In the next section I therefore focus on some 
perspectives derived from cognitive developmental psychology, focusing specifically 
on the work of Carey (2009), Gopnik (2001) and Spelke (2000).  
 
2.3.3. How children progress from numerical concepts to concepts of number 
 
A concept is a category used to group similar events, ideas, objects or people 
(Woolfolk, 2007). Concepts are abstractions; in other words, they do not exist in the 
physical world. Concepts help us to organize vast amounts of information into 
manageable units. In her landmark book, Origin of Concepts, Susan Carey (2004) 
defines concepts as mental representations and units of thought. She distinguishes 
between two types of mental representations, namely, core cognition and explicit 
knowledge systems, such as intuitive theories, with core cognition  referring to innate 
representations that is, something that is not learnt but which children do and the latter, 
explicit knowledge, referring to ways in which they make sense of the world by using 
existing theories and/or forming new theories (Carey, 2009). Carey (2009) argues, 
moreover, that moving from one conceptual system to another requires conceptual 
change because once one has acquired new knowledge (theory) the need to go back 
to old knowledge is no longer necessary. When one knows what the ‘symbol’, six, 
means, for example, one need not go back to counting six objects to know what 
constitutes six.  
 
Carey calls this process ‘bootstrapping’, which she describes as “pulling oneself up by 
your own bootstraps” (Carey, 2009, p.59). In other words, it is through numerous 
encounters with a specific concept or topic that children grasp its meaning and use.  
At first, they struggle with it, but after a while they simply understand it. The exact day 
on which they grasp it, or the exact explanation of what it is, need not be determined. 
What is important is that at some time during their conceptual development process 
something happened which enabled their understanding of a higher order concept. 
Once this has happened there is no going back to their old way of thinking or doing 
things. That this seems to happen automatically, according to Carey (2009) is 
evidence that all children learn advance/develop cognitively, through gradual, orderly, 
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changes in the complexity and sophistication of their mental processes (Woolfolk, 
2007).  
 
Carey (2009) moots that mental processes become more complex as new 
representational resources emerge in development (discontinuities during conceptual 
development), resulting in the creation of “new representations that differ from ones 
built on”. Referring to Piaget’s (1965) work on learners’ cognitive development, in 
which he claims that our thinking processes change radically, though slowly, from birth 
to maturity, Carey (2009) argues that children possess innate knowledge, present in 
them from birth, about certain things, things they know without having been taught.  
Children are born with this ‘innate’ or ‘core’ knowledge (Gelman & Butterworth, 2005) 
which, according to various researchers (Dehaene, 2011; Feigenson et al., 2004; 
Spelke & Kinzler, 2007; Wynn, 1990) includes knowledge of three or four objects. Rips, 
Bloomfield and Asmuth (2008), concurring with these views, moot  that infants might 
start off with prespecified number concepts that represent cardinalities, one concept 
representing all sets with one element, a second representing all sets with two 
elements and so on, while  Leslie , Gelman & Gallistel (2008) suggest that they might 
be born with  an innately given internal symbol for the integer value one as well as with 
an innate successor function that generates the remaining positive integers.  
 
Indications in many of the current theories on cognitive development are that learners 
understanding of number proceeds from concepts that do not conform to the structure 
of the natural numbers. Some of these theories (Dehaene 1997, Gallistel & Gelman 
1978, Gallistel et al. 2000, Wynn 1990) propagate the notion that infants’ numerical 
ability rests on internal magnitudes – perhaps some type of continuous strength or 
activation – that non-human vertebrates also use for similar purposes. Others (Carey 
2010; Spelke 2000). Suggest that mathematics-like abilities in infants could be 
explained with reference to their innate ability to  draw on discrete representations for 
integer values smaller/less than four Whereas  Wynn (1990) argues that infants keep 
track of the number of objects in the addition-subtraction task by means of internal 
continuous magnitudes, using the magnitudes to predict what they will find, Carey 
(2010; 2004) and Spelke (2000; 2003) and their fellow researchers argue that an 
infant’s ability to predict the total number of objects in small sets (less than four) 
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depends not on internal magnitudes but rather on attentional or short-term memory 
mechanisms that represent individual objects as distinct entities. 
 
According to Spelke et al. (2007), the core number system is structured around 
principles that contrast with both the object and the agent systems but shows its own 
distinctive signature limits. According to Spelke et al. (2007), this system is 
characterized by three competing sets of principles, namely:  
i. Number representations are imprecise, and their lack of precision increases 
linearly in line with increasing cardinal values. 
ii. Number representations are abstract. 
iii. Number representations can be compared and combined by operations of 
addition and subtraction. 
 
According to Spelke et al. (2007), number representations with these properties have 
now been found in human infants, children and adults as well as in adult non-human 
primates. Humans learn some things readily and others with greater difficulty, 
exercising specific cognitive systems with signature properties and limits (Spelke, 
2000, 2003). As core representations of numbers are present throughout development 
they should therefore be present in all cultures, independently of formal mathematics 
education. Infants can, for example, discriminate between large numbers of objects, 
actions and sounds when continuous quantities are controlled, but their discrimination 
shows a ratio limit (Spelke et al., 2007). They can also add and subtract large numbers 
of objects (Spelke, 2000, 2003). 
 
2.4 A need for the interface of cognitive psychology (mind), neuroscience 
(brain) and curriculum (education) 
 
Hinton, Fischer and Glennon (2012, p.4), arguing for the interfacing of cognitive 
psychology, neuroscience and education research, suggest that such an endeavour 
has the potential not only to support learning and academic performance but also to 
“close achievement gaps”. A sound knowledge of perspectives on learning derived 
from such interlinking could lead to a more effective and equitable education system 
for all learners, enabling teachers able to pitch teaching and learning activities at a 
level appropriate to different learners’ levels of understanding (Hinton, Fischer and 
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Glennon, 2012). In doing so, teachers would, in turn, more effectively facilitate 
learners’ understanding of mathematical concepts. In my study, I argue, moreover, 
that the knowledge of brain operations would also contribute to teachers’ 
understanding of the nature and purpose of learner assessment in general, and the 
design of learner assessment tasks / items that test what they were intended to.   
 
Curriculum being one knowledge area which must be considered in learner 
assessment, teachers should ensure that they assess all the concepts of the learning 
component concerned in the design of assessment tasks. The assessment task 
should, moreover, reflect clear links between   the knowledge being tested (education 
/ curriculum), understanding of knowledge (mind / cognition) and processes involved 
in thinking and understanding (brain / neuroscience) (see Figure 2.2): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2. Fields of knowledge in each field 
 
Learner assessment tasks should also test learners’ cognitive representations of 
numbers. Teachers will only be able to design assessment tasks which do this if the 
questions they ask are informed by their knowledge of a theoretical model which 
ensures that the test accurately assesses what children know about numbers and 
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operations. Using only the curriculum as basis for the assessment of learner 
competence will neither enable teachers to identify the concepts with which learners 
struggle nor to determine where and how they should intervene and render learning 
support. I agree that it is important to assess the prescribed curriculum content to 
determine learners’ procedural problems and/or to reflect on the effectiveness of 
pedagogical approaches. However, using only the curriculum as basis for the design 
of assessment tasks would not enable the teacher to the child’s level of conceptual 
development? I argue, therefore, that an effective test is one which is assesses the 
child’s knowledge of curriculum content as well as his/her level of conceptual 
development. Only then could the task/test be regarded as true assessment for 
learning.  While it might be relatively easy to design an assessment, task based on 
curriculum outcomes, it might not be so easy to design a test which also determines 
the child’s conceptual knowledge/understanding or his/her lack of it. I would suggest 
that the use of a conceptual model of mathematical development, based on new 
insights from neuroscience and cognitive developmental psychology, might help 
teachers in their efforts to design assessment tasks which do that. The model I suggest 
is explained in the next section.  
 
2.5 Finding a theoretical model for the design of assessment tasks or test 
 
The primary challenge in my study was finding a theoretical model which could be 
utilised to complement the assessment of curriculum content. The model I eventually 
found was embedded in the findings of research studies forming part of my literature 
review. I regard it as particularly useful in the design of FP Mathematics assessment 
tasks since it not only lends itself to the assessment of young learners’ mathematical 
knowledge but also of the developmental levels of their conceptual understanding of 
mathematics procedures and processes.  
 
The model I chose, the ‘Fritz-model, was designed to assess the different hierarchical 
levels of young learners’ development of mathematical concepts (Fritz et al., 2013, p. 
39). It was also used as basis for the design of a test called the Mathematical and 
Arithmetical Competence Diagnostic Test (MARKO-D) (Fritz et al., 2009; Fritz et al 
2013; Fritz & Ricken, 2008), which incorporated the Model’s its hierarchical levels in 
its assessment of young learners’ number concept development.  
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2.5.1 The Fritz-model of young learner’s mathematical concept development 
 
The ‘Fritz-model,’ developed by a German psychologist, Annemarie Fritz (Fritz et al., 
2013), is a theoretical model reflecting young learners’ hierarchical development of 
mathematical concepts between the ages of four to eight (Fritz et al., 2013, p. 58). The 
‘Fritz-model’ was following its development, Fritz and her team (Fritz et al., 2009; Fritz 
et al., 2013, p. 58; Fritz & Ricken, 2008) used this hierarchical model to design a test 
known as the MARKO-D test, designed to assess young learners mathematical 
concept development. Based on the assumption that conceptual development works 
like a set of stairs, with the learner able to progress to the next step only when the 
previous step has been fully understood and completed, the Fritz-model’ consists of 
five hierarchical levels of conceptual development (Fritz et al., 2009; Fritz et al., 2013; 
Fritz & Ricken, 2008).  
“The starting point for such a model was the assumption that the concepts are 
organised hierarchically in steps, and that children develop more sophisticated 
mental structures step by step. Each level is thus characterised by a specific core 
concept” (Fritz et al., 2013, p. 58). 
 
These levels could be used to point out when and at which conceptual level a learner 
experiences begins struggling. These levels are arranged in a series of steps (Fritz et 
al., 2009; Fritz et al., 2013; Fritz & Ricken, 2008) highlighted in various theories on the 
ways in which young children develop mathematical concepts. I explain the five levels 
by referring to the construct associated with the development of specific mathematical 
concepts of each level (Fritz & Ricken, 2008):  
 
i) Level 1: Number counting (Fritz & Ricken, 2008) - The first level is associated 
with the counting and understanding of the relationship between number words 
as representations of number as well as counting tools.  Children who are at 
this level of conceptual development are able to give the correct number of 
counters for a number and they understand the one to one correspondence of 
numbers and objects. They are not just recalling number rhymes but 
understand that numbers represent quantities: by counting, they demonstrate 
their understanding quantity represented by each number. The moment they 
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realize that the number name they are using represents the number after the 
one preceding it and before the one following it they can represent the number 
on a mental number line. Being able to do this indicates that they are moving 
to the next level (Fritz & Ricken, 2008).  
 
ii) Level 2: Mental number line (Fritz & Ricken, 2008) - At the second level of 
conceptual development the learner should be able to represent numbers on a 
mental number line.  The qualitative representation now changes to an ordinal 
one, with numbers being arranged in the same order as the increased quantity 
they represent. Children at this level can arrange the numbers in a number line 
in the correct, incremental order.   
 
 
 
 
 
          Figure 2.3. Mental number line on level 2 
 
Figure 2.3 represents a mental number line. The use of a number line like this 
facilitates learners understanding of which number comes before, after or in between 
other numbers. However, according to Fritz et al (2013), they do not yet have the ability 
at this level to accurately represent the corresponding distances between the 
numbers. They might, for example, leave uneven gaps between the numbers.  
 
iii) Level 3: Cardinality and decomposability (Fritz & Ricken, 2008) - At level three 
the learner understands that the last number mentioned in the word list as 
objects are being counted, refers to the quantity (or sum) of the set of objects 
(Fritz & Ricken, 2008). Evidence that they are conceptually at this level is 
evident if, instead of counting all the objects again when, for example, being 
asked what 3 + 2 is, they simply add an additional two objects to the three they 
already have. What this demonstrates is that they realize/understand that each 
number represents a quantity and that they can therefore simply increase the 
quantity by adding the requisite number without counting everything again.  
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iv) Level 4: Class inclusion and contentedness (part-part whole) (Fritz & Ricken, 
2008) - At this level, the learner understands that numbers are compositions 
and decompositions from other numbers, with each number forming part of 
another (Fritz & Ricken, 2008). Also referred to as the ‘part-part-whole schema’ 
(Fritz & Ricken, 2008), children at this level will be able to decompose and 
compose number parts to get to a specific total.  
 
 
 
 
          Figure 2.4. Part-Part Whole 
 
Figure 2.4 graphically illustrates the ‘part-part whole schema’ (Fritz & Ricken, 2008). 
To determine whether a learner is at this level, the teacher could, for example, ask a 
learner to give her/him five counters of which two must be yellow and three blue. 
Learners who can do this, understand that, the addition of the two 2 yellow counters 
(part) and 3 blue counters (part) form 5 counters altogether even though they differ in 
colour. 
 
v) Level 5: Relationality (Fritz & Ricken, 2008) - The number-word line is 
understood as a sequence of cardinal units in which each number in turn is an 
independent countable unit (Fritz & Ricken, 2008). It is at this level that children 
start understanding that numbers can be used not only to count concrete 
objects but also abstract units and quantities (Fritz & Ricken, 2008). They are 
also able, at this level, to represent a number line with exact spaces between 
numbers. In other words, they also understand the place value of numbers.  
5 (whole) 
 3 (part) 2 (part) 
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Figure 2.5. Fritz-model of hierarchical levels of young learners’ mathematical 
concept development. 
 
Figure 2.5 is visual represents the 2009 five-level Fritz et al. model. Based on/informed 
by the assumption that a learner cannot move to the next step or stage before he/she 
has fully understood or completed the previous step, the model reflects a staircase. 
 
Initially developed to assess the conceptual understanding of mathematics in learners 
between the ages of four and eight (Fritz et al., 2013), I would argue that it could be 
used to teach nine-year old (grade 3) learners in South Africa. Informing my claim is 
the poor performance of South African learners in international assessments of 
mathematical ability. In fact, as explicated in Chapter 1, South Africa is one of the 
lowest scoring countries in the world, suggesting that South African learners 
functioning in general is thus below the age-appropriate levels. Also, since the purpose 
of the ‘Fritz-model’ is not to assess learners in specific age groups but rather to serve 
as a model lends itself to the design of an assessment tool which is not only 
curriculum-appropriate but also theoretically sound.  
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2.6 Conclusion 
 
In this chapter I discussed different perspectives on assessment, focusing specifically 
the notion of Assessment for Learning (AfL). I also described, albeit shortly, the 
Mathematics curricula for schools, the CAPS (DoE, 2011) and, in more detail, the 
curriculum outcomes for Mathematics for the FP, grade 3 in particular. I then indicated 
the impact of the curriculum on assessment, using the ANA’s, which have since been 
discontinued, as an example of assessment that did not focus on AfL.  
 
In the final section I focused on young learners conceptual understanding of 
mathematics, with specific reference to perspectives expounded in cognitive 
developmental psychology and neuro-science. Having discussed some of the 
research on young learners  mathematical development and learning in these two 
fields (cognitive developmental psychology and neuroscience) learners , I presented 
a hierarchical model developed by Fritz et al. (2009) which, according to me, could be 
used use  not only as basis for the design of assessment tools appropriate to the 
conceptual mathematics levels of  South Africa’ Foundation Phase learners but also 
as a frame of reference which teachers could use to determine the levels at which 
learners in their classes function conceptually in terms of their mathematical 
understanding. 
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CHAPTER 3 
ASSESSMENT TOOL FOR LEARNING 
 
This chapter examines the research design and methods I used in this study to design 
an assessment tool which could be used in assessment for learning (AfL). The design 
of the study was informed by its primary/e main research aim, namely the development 
of an assessment tool grounded in the procedural mathematical content of the grade 
3 curriculum but also firmly incorporating a specific theoretical model of how young 
children develop mathematical concepts – thus, how their mathematical cognition 
evolves. A secondary aim of the study was to test a group of grade 3 learners on the 
newly designed test in order to assess on what conceptual developmental level they 
are functioning at according to the Fritz-model.  
 
In this chapter, I discuss the development of the assessment tool within the 
parameters of both the conceptual and the curriculum framework which informed its 
design. I discuss why a design-based research design was considered most suited to 
the achievement of relevant research results. To this purpose, I first describe the 
specific process I followed in the design-based research (DBR) design and then l the 
two cycles of data collection and analysis constituting the design process, each of 
which differed in terms of its focus, sample, means of data collection and analysis. 
Given these differences, the planned execution of the cycles in the research process 
will be discussed separately. Lastly, I indicate which ethical considerations guided my 
study during each cycle.  
 
3.1 DBR as perfect fit for the research design of this study 
 
In this section I present the DBR design which I utilised in the planning and execution 
of my study. I start the section with a short introduction on the type of design I used 
and why I deemed it a good fit for my study. Following this, I discuss a specific process 
within this design which I used as basis for the design of my study, explaining how it 
directed my research process. I conclude the section with a discussion of the specific 
steps I followed in the design process.   
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Given the main aim of the study namely to design an assessment tool to test learning, 
not just curriculum knowledge, it was important to include tenets from both the 
curriculum and the Fritz conceptual model into test items. To this purpose, I intended 
to first design an assessment tool, then refine the test items comprising it, and finally, 
test the assessment tool on some children. To achieve what I set out to do, i.e. to 
design such a test, I needed a specific research design, one that would allow for the 
incorporation of curriculum and cognitive theory alike in the design of the test items 
design included in the assessment tool. Informed by this criterion, I opted to use the 
first phase of DBR design.  
 
The DBR design provided me with an overall framework for collecting the data (Bless, 
Smith & Kagee, 2006) needed for the design of test items based on the theoretical 
principles (Fritz theoretical model) associated with mathematics competence as well 
as the outcomes of the grade 3 curriculum. These test items would then be refined by 
a panel of experts, before the final assessment tool is used to test some grade 3 
learners. The flexible design principles and methodology of DBR provided me with an 
ideal framework for the design of my study (Wang & Hannafin, 2005, p. 6). Of key 
importance to me was the fact that the DBR design is based on a set of criteria and 
guided by principles derived from theories which acknowledged/emphasized the 
importance of designing items which informed by curriculum outcomes as well as an 
appropriate theoretical model integration (Hoadley, 2005).   
 
As is customary in a DBR study, my study resulted in the creation of a product or 
artefact - a custom designed, curriculum-based assessment tool in the case of my 
study - within which there is a relationship between theory (levels of conceptual 
development, in my case) and practice (curriculum, in my study) (The Design-based 
research collective [DBRC], 2003, p. 5). The main argument of this study is that the 
goals of curriculum and conceptual development theories of mathematics should be 
used together in the design of a tool designed to assess children for learning because 
only then would the test determine their understanding of mathematics rather than 
simply collecting scores/marks for report cards. Within the DBR framework my 
assessment tool could therefore use the outcomes of the curriculum and the principles 
of a theoretical model theories of learning together (Cotton, Lockyer & Brickell, 2009). 
As the process of developing such an assessment could not have been done in one 
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easy step, designing my study in accordance with DBR principles enabled me to 
develop an assessment tool through “continuous cycles, enactment, analysis and 
redesign” (DBRC, 2003, p. 5) – see Figure 3.2 for the iterative cycles of this study.  
 
DBR’s continuous cycles also presented me with the opportunity to collect data in two 
cycles, the first involving the initial development of test items and the revision of the 
test with a panel of experts, and the second involving the piloting of the test with a 
group of learners. Using the DBR research design  not only provided me with a sound 
theoretical  framework within which to choose, change and adapt test items that would 
best assess grade 3 learners but also created the opportunity for researchers and 
practitioners  – the experts and me – to work together in revising the test in order “to 
produce meaningful change in contexts of practice” (DBRC, 2003, p. 6), but also 
provided us and  by  
 
It must be noted that the test scores obtained by learners were not the main focus of 
this study: testing the ‘possible usability’ of the test rather was. Using a DBR design 
enabled me to do so. It also made it possible for me to focus less on the “documenting 
(of) success or failure” and more on gaining a better “understanding of “the learning 
issue involved” (DBRC, 2003, p. 5). The purpose of the assessment tool was thus 
never to work on total scores of learners’ performance on the test, but to look at the 
potential usability of test items which would determine learners’ levels of 
understanding as well as areas where remediation of curriculum outcomes was 
needed. I was thus more concerned with ascertaining whether or not the test items 
tested what they set out to test, than to collect individual children’s scores. The DBR 
design enabled me to  assess learner competence  by means of a tool that would not 
only generate  a score reflecting their competence  but also to “document” (Van den 
Akker, Gravemeijer, McKenney & Nieveen, 2006; Brown, 1992; Cobb, Confrey, 
diSessa, Lehrer & Schauble, 2003; DBRC, 2003) the  conceptual learning that had 
taken place in terms of the  concepts that had to be mastered in terms of the prescribed 
national curriculum. 
 
As to the research methodology, my DBR study is what is commonly referred to as a 
‘mixed methods’ study: data were collected done by means of both qualitative (test 
item design and panel of expert discussions) and quantitative research (children’s test 
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scores) methods (see paragraphs 3.2 and 3.3 for a detailed description of the methods 
used in each cycle of the study. The use of “mixed methods using a variety of research 
tools and techniques” is typical of DBR studies (Anderson & Shattuck, 2012, p. 17).  
 
3.1.1 The design process of the study 
 
This DBR study followed a very specific DBR design process, one which Reeves 
(2006) explains as follows: 
“… addressing complex problems in real contexts in collaboration with 
practitioners; integrating known and hypothetical design principles with 
technological advances to render plausible solutions to these complex problems; 
and conducting rigorous and reflective inquiry to test and refine innovative learning 
environments as well as to define new design principles” (p. 58).  
The design process described by Reeves (2006) is graphically illustrated in Figure 3.1, 
which follows. The process comprises four DBR steps that a researcher could include 
in his/her research study: planning, designing, developing and testing with refinement 
to the nature of the project (Cotton, Lockyer & Brickell, 2009). The description of this 
process served as an example of the steps which I could follow in my own DBR study. 
I did, however, first analyse each step-in order to ‘customise’ the process to assist me 
in the design and planning of my study. 
 
 
 Figure 3.1. The DBR process by Reeves (2006) 
 
 
Figure 3.1 illustrates the steps which should be followed in a DBR design study as 
identified by Reeves (2006). According to Reeves and Hedberg (2003), these steps 
Step 1 Step 2 Step 3 Step 4
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present researchers the opportunity to research education phenomena in of continuing 
cycles. The cycles, according to Cotton, Lockyer and Brickell (2009, p. 4) give 
researchers the opportunity to be more “directly engaged in the conduct of the 
research as DBR has a cyclic nature that allows for the continual collaboration 
between practitioners, researchers and technologists”. I discuss the Reeves’ model 
for DBR design represented in Figure 3.2, explaining the multiple iterations 
(continuous cycles) of investigation, development, testing and refinement (Anderson 
and Shattuck, 2012; Barab & Squire, 2004; DBRC, 2003; McKenney & Reeves, 2012).  
 
Step 1:  Analysis of practical problems by researchers and practitioners in 
collaboration (Reeves, 2006). 
This stage involves the identification of the challenges that practitioners faced when 
“they attempted to combine learning objects with a learning design” (Cotton, Lockyer 
& Brickell, 2009, p. 5). In the DBR paradigm, the challenge/need identified by 
practitioners does not, however, focus only on the problem in practice: it is also relating 
the challenge/need to a scientific point highlighted in the work of researchers (Edelson, 
2002; McKenney & Reeves, 2013). The inclusion of both practice and research 
perspectives is deemed critical to the elimination of one-sided conclusions – i.e. 
conclusions based only on research/ theory or only on practice. In the first instance, 
the inclusion of both perspectives thus facilitates the generation of an integrative 
perspective on the phenomenon being studied (Adams Schellens & Valcke, 2015). In 
the second instance, it ensures that the theories based on educational research is 
relevant to teaching practice and, in the third instance, that the theoretical principles 
generated in these studies could be used in other studies (DBRC, 2003; McKenney & 
Reeves, 2012).  
 
Step 2: Development of solutions informed by existing design and technological 
innovations (Reeves, 2006).  
Step 2 in Reeves’ DBR model is the development of “design principles based on the 
results of the needs analysis conducted in the first phase and existing design principles 
reported in current literature” (Cotton, Lockyer & Brickell, 2009, p. 6). During this step, 
scientific research results reported in literature serve as reference points for 
researchers embarking on studies aimed at finding solutions to the educational 
problem/s identified in Step 1 (DBRC, 2003; McKenney & Reeves, 2012). The aim 
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with  this step, namely  to develop learning and teaching theories which could   improve 
educational practices and guide future studies (Edelson, 2002; McKenney & Reeves, 
2012; Wang & Hannafin, 2005) reflect the claims of Wang and Hannafin (2005, p. 6) 
that “design-based research is both based on, and conducted in order to generate 
theory: the simultaneous pursuit of theoretical goals differentiates design-based 
research form formative evaluation”.   
 
Step 3: Iterative cycles of testing and refinement of solutions in practice (Reeves, 
2006).  
The third step of Reeves’ DBR model involves “evaluating and testing the developed 
solution in a real-world setting” (Cotton, Lockyer & Brickell, 2009, p. 7). One of the 
principles of DBR research is to develop practical designs that might not only add 
value to educational practices, but which could also be used as basis for 
generalisations in other research contexts (DBRC, 2003; McKenney & Reeves, 2012). 
Anderson & Shattuck (2012), as well as Edelson (2002), suggest, for example, that 
generalization processes make it possible to develop domain theories, design 
frameworks, and design methodologies. Wang and Hannafin (2005, p. 19), describe 
this practical design as a “local effectiveness with design principles and theory 
development”. This ‘local effectiveness’ is also one of the reasons why the Reeves 
DBR model suggests that researchers and practitioners should work together since 
collaboration between those in  the fields of education and research (literature and 
theory) respectively, will ensure that  the research conducted in the study will ‘produce 
meaningful change’ in practice (Anderson and Shattuck, 2012; Barab & Squire, 2004; 
DBRC, 2003; McKenney & Reeves, 2012).  
 
Step 4: Reflection to produce ‘design principles’ and enhance solution implementation 
(Reeves, 2006). 
In Step 4 of the Reeves’ DBR model, it is suggested that the research should be 
conducted in real-world settings according to the phenomenon being studied 
(Anderson & Shattuck, 2012; Barab & Squire, 2004; DBRC, 2003; Wang & Hannafin, 
2005). Related to education, this means that the findings of a study must emerge from, 
or be generated in, authentic educational contexts like school classrooms rather than 
in setting with which learners involved/included in the study are familiar rather than in 
a new setting that is not familiar to them (Wang & Hannafin, 2005). This would, 
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according to McKenney and Reeves (2012) lend high ecological validity to a study 
conducted.  
 
3.1.2 The DBR process followed in this study 
 
I utilised Reeves’ (2006) DBR process of, discussed in paragraph 3.1.1, as an example 
which I followed, albeit loosely, for the planning of my own research process (see 
Figure 3.2 for a graphic representation of the way in which I adapted the Reeves 
design process to suit the focus and purpose of my study).  
 
Figure 3.2. The adaptation of the Reeves’ (2006) DBR process which I utilised in 
the design of this study. 
 
Figure 3.2 suggests the multiple iterations (continuous cycles) of investigation, 
development, testing and refinement that were involved in this study (Anderson & 
Shattuck, 2012; Barab & Squire, 2004; DBRC, 2003; McKenney & Reeves, 2012).  
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Step 1: Analysis of practical problems by researchers and practitioners in collaboration 
(Reeves, 2006). 
In accordance with the tenets informing the Reeves model, the initial stages of my 
study focused on the identification of a practical problem – in my case, the 
unavailability of assessment tools which could be used in assessment for learning - 
and hypothesised possible solutions which could address the problem (see Chapter 
1, paragraph 1.6 and Chapter 2, paragraph 2.6). In these arguments, I identified the 
need for an assessment tool that is based on curriculum outcomes while also, 
incorporating principles on how children learn mathematics conceptually. 
 
Step 2: Development of solutions informed by existing design and technological 
innovations (Reeves, 2006). 
Informed by the DBR design purpose, namely to find a set or sets of theoretical 
principles on which future designs could be based, I wanted to base the design of my 
assessment tool on principles which informed and/or were derived from the outcomes 
of the national curriculum as well as principles identified in research on children’s 
conceptual understanding of mathematics.   
 
In order to determine the principles informing the curriculum principles, I used the 
outcomes for the content area, ‘Numbers, Operations and Relationships’ in the grade 
3 Mathematics curriculum (refer to Chapter 2, paragraph 2.2 for an in-depth discussion 
of the curriculum outcomes). As to the theoretical principles informing research on 
children’s conceptual development of mathematics, I used the hierarchical 
developmental levels of the Fritz-model (see Chapter 2, paragraph 2.6 for an in-depth 
discussion of these levels). Incorporating the principles informing the curriculum 
outcomes as well as the levels of the Fritz-model gave me a set of cross-criteria which 
could guide my design of test items to be incorporated in an assessment for learning 
tool, which would take place in Step 3. 
 
Having identified the principles, I wanted to utilise for the test item design, I had to 
operationalise them. By implication, I had to change them into a usable set of criteria 
which would reflect the principles derived from the curriculum outcomes as well as 
those informing the levels of the Fritz-model (see Table 3.1 for a summary of the 
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concepts in the grade 3 Mathematics curriculum for the content area, Numbers, 
Operations and Relationships, that had to be included in the test design.  
 
Table 3.1. Summary of concepts in the CAPS Mathematics curriculum for 
Numbers, Operations and Relationships.  
Content area One: Number, Operations and Relationships 
Focus of 
content 
area 
Develop number sense by means of: 
- Understanding that each number represent a quantity 
- The relationship between numbers 
- Numbers can be presented in different ways including symbols, names and 
drawings.  
- How to work with numbers to solve problems  
Number 
Range 
0 - 1000 
Concepts 
to be 
tested  
They should be able to:  
• Count and estimate objects 
• Count forwards and backwards in 1’s, 2’s, 3’s,4’s 5’s, 10’s, 20’s, 25’s, 50’s 
and 100’s.  
• Recognize, identify and read number names. 
• Describe, compare and order numbers to 999.  
• Use ordinal numbers and abbreviations to show order, place or position. 
• Decompose three-digit numbers 
• Identify and State the value of each digit in a number 
• Solve problems by: building and breaking up of numbers; doubling and 
halving; number lines; and rounding off in tens 
• Solving word problems and be able to explain own solution in all the following 
operations: addition; subtraction; repeated addition leading into multiplication; 
grouping; and sharing 
• Recognize and identify all South African Money coins and banknotes and 
solve problems involving totals and change.  
• Addition and subtraction to 999 
• Multiply any number by 2, 3, 4, 5, 10 to a total of 100 
• Divide numbers UP to 100 by 2, 3, 4, 5, 10 
• Order a given set of numbers 
• Compare numbers UP to 1000 and say which is 1, 2, 3, 4, 5 and 10 less or 
more.  
• Recall addition and subtraction facts to 20 
• Add or subtract multiples of 10 from 0 -100 
• Use and name unitary and non-unitary fractions including halves, quarters, 
eights, thirds, sixths, fifths.  
• Recognize fractions in diagrammatic form 
 
 
With his summary of the concepts in the content area, Numbers, Operations and 
Relationships (as listed in Table 3.1), I had a set of principles to guide my test item 
design. After I had identified the curriculum principles on which I had to focus, I had to 
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operationalise the levels of the Fritz-model into concepts which could inform questions 
/ test items. 
 
As indicated in Chapter 2 (paragraph 2.6), the Fritz-model comprises a very clear set 
of hierarchical development levels typifying a young child’s progressive mathematical 
development/ understanding (Fritz et al., 2013, p. 39). However, although the model 
illustrates and discusses in detail what a child can and cannot do on a specific level, 
this theoretical discussion did not provide me with practical tools or examples which I 
could use in the development of test items. Luckily the developers of the Fritz 
theoretical model also designed a test which lends itself to the assessment of 
children’s understanding at the various levels of the model (Fritz et al., 2009). This test 
referred to as the MARKO-D Test (see Chapter 2, paragraph 2.6), has been adapted, 
translated and standardised in South Africa for South African children (Henning et al., 
2018), and is referred to here as the MARKO-D SA (Henning, Balzer, Ragpot, 
Herholdt, Elert, & Fritz, 2018).  
 
The MARKO-D SA, which comprises 48 test items aimed at assessing children’s 
mathematical competence at each of the levels featuring in the Fritz-model (see 
Chapter 2, paragraph 2.6), is thus a good example of how the levels of the Fritz-model 
could be operationalised into questions for young children. For the purposes of my 
study, I analysed the questions to generate my own summary of criteria informing the 
types of questions/activities asked in the MARKO-D SA. In addition to wanting to 
determine the specific conceptual level at which a question was pitched, I wanted to 
determine how the questions were structured, and on which type of activity they 
focused. Doing so assisted me in the actual design of my test items.  
 
I identified eleven types of questions/activities in the MARKO-D SA test items which 
are also mentioned in the instructions of the Assessment of Mathematics and 
Numeracy Competence Levels: MARKO-D (Ricken & Fritz-Stratmann, 2008; Fritz-
Stratmann & Balzer, 2013).  The content categories included in the MARKO-D SA test  
(see Table 3.2 for the definition of questions/activity and their relation to curriculum 
concepts)  were: (i) Counting and finding preceding and succeeding numbers; (ii) 
counting of sets; (iii) counting of sets in text problems; (iv) organising sets; (v) 
recognising differences; (vi) one more; (vii) determining sub-sets; (viii) determining 
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sub-sets, when only one set is visible; (ix) counting in steps; (x) one-to-one 
correspondence,; and (xi) generating equal sets.  
 
Table 3.2. Question/Activity category according to the MARKO-D SA test 
Question/Activity 
Category 
Short definition of the type of activity in the MARKO-D adapted from Ricken & Fritz-
Stratmann, 2008; Fritz-Stratmann & Balzer, 2013. 
1.Counting and 
finding 
preceding and 
succeeding 
numbers 
 
These types of questions have to do with the counting of numbers but also finding numbers that 
come before or after a given number. In the curriculum this has to do with the relationship of 
numbers. Relationships of numbers is part of learning area one where counting is important but 
also understanding the relationships numbers have with each other. In the curriculum children 
need to understand that numbers follow onto one another and that each number has a value and 
set position in an arrangement of numbers like on a number line.  
2.Counting Sets  
 
Questions in this category have to do with the counting of numbers to determine the value of a set. 
In the curriculum these are part of learning area one. This is where children must be able to count 
objects and should be able to write down the number the set of objects are equal to. According to 
this aim it is also important to look if children can start counting at any given place and not count 
from one or the beginning of the set.  
3.Counting of 
sets in text 
problem 
 
These questions test the ability of a child to read and understand a word problem in context. In the 
curriculum children must able to solve word problems involving addition, subtraction, repeated 
addition leading to multiplication, grouping and sharing problems. Before children can solve the 
problem, they need to understand what the problem is that needs to be solved.  
4.Organizing 
sets 
 
Organising sets looks at the way objects, numbers or pictures are organised to know what the 
answer should be. In the curriculum this forms part of all the learning areas, as children first have 
to make sense of how the pictures, objects or numbers are organized in order for them to see the 
pattern and specific way a question is asked. In Geometrical patterns for example children must 
first understand how the patterns are organized for them to be able to extend the pattern as they 
have to extend it in the same way as those patterns given to them. In data handling children should 
know how data is organized first before they could answer questions of the data collected.  
5.Recognizing 
differences 
 
These questions have to do with how numbers compare to each other. In the curriculum this is 
where numbers are compared to each other to calculate what the difference between numbers 
are. The concepts of curriculum that will be included in this aim is comparing numbers up to 999 
by means of using different mathematical operations such as comparing using symbols and 
problem-solving.  
6.One more 
 
This includes determining an upcoming number based on the difference given to learners to find 
this number. These differences include mathematical terms of “more than”, “smaller than” “bigger 
than” and “less than”.  
7.Determining 
sub-sets, when 
only one set is 
visible.  
Here questions and activities focus on finding the missing number or set when one number or set 
is given with a total. In the curriculum this is done as part of the concept of breaking and building 
up of numbers. Children are required to calculate the missing number when only one number is 
given to them as well as the total of the answer.  
8.Counting in 
Steps 
 
Here learners should be able to identify the number that is missing by understanding what the 
interval is that they should count in. In CAPS grade 3 children must be able to count in intervals of 
1’s, 2’s, 3’s,4’s 5’s, 10’s, 20’s, 25’s, 50’s and 100’s so the sets will involve bigger numbers but still 
it is based on the same principle.  
9.Giving sets 
 
These questions/activities focus on giving the quantity asked for by asking for a specific number. 
The child needs to understand what the number represents and then use the correct number of 
counters. In the curriculum this is a very important concepts that is tested as part of place value, 
which lead into fractions.  
10.One-to-one 
correspondence 
These questions focus on dividing one set into two sub-sets of equal size. In the curriculum this is 
referred to as sharing and grouping. In the grade 3 curriculum children are also required to share 
and group amongst more than just two sub-sets.  
11.Generating 
equal sets 
 
These activities focus on being able to present the same set as a given set. This in the curriculum 
is also done by asking children to write number names, number symbols and also drawing a 
quantity of objects representing the number.  
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The integration of   curriculum and cognitive development principles in the MARKO-D 
SA test resulted in the crystallisation of my understanding of the kind of 
test/assessment tool that could be considered appropriate to the assessment of young 
South African children’s conceptual development in mathematics. With this new 
understanding of how both these sets of principles could be integrated into a single 
assessment instrument, I could then move on to Step 3 in the DBR process, namely 
the planning and design of the iterative cycles that would partially constitute my 
empirical work.  
 
Step 3: Iterative cycles of testing and refinement of solutions in practice (Reeves, 
2006).  
This step of my research process involved the actual design of the test items and the 
collection of field work data. Informing the development and refinement of my test 
items was Reeves’ notion of “iterative cycles of testing and refinement” (Reeves, 2006, 
p. 57). I therefore developed initial test items, refined them, and tested them in the 
field with grade 3 learners (see Figure 3.2 for graphic illustration of the iterative DBR 
cycles as adapted to the focus of my study, and Figure 3.3 for more detail on the two 
cycles characterising this part of my DBR study).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3. Two iterative cycles of the data collection and analysis process.  
 
Part 1: Design 
92 test items 
according to 
principles of 
step 2
Part 2: Present 
92 potential test 
items to a panel 
of experts
Part 3: Select 
final test items 
guided by panel 
discussion
Use selected items 
to assess  grade 3 
learners
Cycle 1 Cycle 2
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As depicted in Figure 3.3, I used two iterative cycles for data collection and analysis 
In Cycle 1, which consisted of three parts, I first designed 92 test items informed by 
my operationalised curriculum and theoretical principles (see Step 2 of the DBR 
process, paragraph 3.1.2). I then identified a panel of experts to whom I presented the 
items during a pre-arranged work session (Part 2 of Cycle 1). Following the work 
session, and informed by the panel’s discussions and suggestions, I then selected a 
set of items which I used to design a Mathematics test that could help me determine 
at the conceptual levels of selected learners’ mathematical understanding.   
 
In order to determine whether the tool I designed would, in fact, test what is was 
intended to, I had to ‘try it out’ on learners in authentic, familiar contexts. The piloting 
my test constituted Cycle 2 of the iterative process described earlier. My assessment 
tool, consisting of the test items selected as indicated in the previous paragraph, was 
used to determine the conceptual mathematical levels of 159 children in grade 3 at 
two schools.    
 
In this study I stopped the iterative cycle of testing and refinement after this cycle of 
the initial testing of grade 3 learners. The iterative cycles could have continued after 
the initial testing and test items could have been further refined based on the children’s 
performance, however, due to the scope of this study the iterative cycles were stopped 
after Cycle 2.  
 
Step 4: Reflection to produce ‘design principles’ and enhance solution implementation 
(Reeves, 2006).  
This final step of the DBR process, as suggested by Reeves (2006), was partly 
attained during this study. Even though more iterative cycles (as suggested in Step 3) 
could have added further refinement to the assessment tool, the process that I 
followed to design this assessment tool, might still have the potential to serve as basis 
for the use of design principles in future tests. The assessment tool which was 
designed utilised both curriculum outcomes and cognitive learning theory principles, 
and to my knowledge this is the first of its kind to be specifically designed for the testing 
of the mathematics competence of grade 3 learners in South African schools.  The 
methods and principles that I used to design this assessment tool could therefore 
potentially serve as an example for the design of similar assessment tools in the other 
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four content areas of the grade 3 mathematics curriculum. Though my study thus not 
fully implements Step 4, it could provide other researchers with ideas for possible 
future studies. 
 
In this section I discussed the process that I followed in my DBR research design. I 
will now discuss each of the iterative cycles in more detail in terms of sampling, data 
collection and data analysis within each cycle.  
 
3.2 Cycle 1 
 
The first cycle of my empirical work consisted of three parts. In Part 1, I set out to 
design test items according to the design principles set out in Step 2 of the DBR 
process discussed earlier (see paragraph 3.1).Then, in Part 2 of Cycle 1, I presented 
the initial test items to a panel of experts who assisted in refining the test items, and  
in Part 3 of Cycle 1, I selected  the final test items to be included in the assessment 
for learning tool I set out to design.   
 
3.2.1 Cycle 1: Sampling 
 
During Cycle 1 of the data collection process, the sample I needed to identify was the 
participants which would constitute my panel of experts. The panel was selected in 
terms of potential members’ background, interest in and knowledge of answering my 
research question (Palinkas, Horwitz, Green, Wisdom, Duan & Hoagwood, 2013). The 
panel of experts eventually selected were identified by means of a non-probability 
sampling as I had no guarantee that any of the potential panel members were either 
representative of the population of teachers (public and independent/private) in South 
African classrooms, or that they had an equal chance of being selected for this study 
(Henning, Van Rensburg & Smit, 2004). The non-probability method that was used 
was a purposive sampling method, (Henning et al., 2004), the purpose being to ensure 
that multiple expert advice would be given to me, the researcher, to set an assessment 
tool that could simultaneously assess the curriculum, learning and conceptual 
development.  
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The eventual panel of experts included FP teachers as well as FP pre-service teacher 
educators who had also been teachers prior to entering higher education. Because of 
this, I assumed that they would be able to relate pedagogy and theories to curriculum 
to advise me how best to assess learners for understanding rather than for mere 
throughput or retention. The first two experts were chosen for their years of experience 
in FP classrooms. Both these participants were teachers who could provide me with 
meaningful insights into the difficulties and successes they encountered in their 
classrooms about content and assessment. The other expert was an experienced 
professor with substantial knowledge of cognitive theories, insights in and experience 
of working with the MARKO-D SA test development and extensive knowledge of the 
Fritz-model of cognitive development. All these experts were therefore chosen on the 
assumption that they had the requisite knowledge of assessment, curriculum, 
pedagogy and theory critical to advising me as a budding researcher on the 
assessment of grade 3 learners’ mathematics conceptualization.   
 
3.2.2 Cycle 1: Initial test item development 
 
In this section of the chapter, I explain the first cycle of the process aimed at the design 
of an assessment tool which used the curriculum, the MARKO-D test and the Fritz-
model of young children’s mathematical concept development. During this cycle, I 
developed 92 test items which included the operationalised principles derived from the 
curriculum outcomes and the 11 question/activity types adapted from the MARKO-D 
SA discussed in Step 2 of the DBR process (see paragraph 3.1.2). The number of 
items (92) were not purposeful, but this is the number of items which included both 
principles from the curriculum outcomes and the Fritz-model that I could come up with. 
I knew that these items would be scrutinised by the panel, yet I wanted a big pool of 
potential items from which they could choose. During this process of test item 
selection, I thus loosely followed processes used in the design of other well-known 
tests such as the Program for International Student Assessment (PISA). 
 
The PISA is an assessment tool based on a mathematical framework that includes 
curriculum and a cognitive framework. The differences between the PISA, TIMMS (see 
Chapter 2 paragraph 2.2.3) and the National Assessment of Educational Progress 
(NAEP) is that the PISA also uses expert knowledge (like the panel I utilised) when 
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designing tests to assess learners (Organisation for Economic Cooperation and 
Development [OECD],2014). This has the effect that items are not just developed 
randomly by anyone but that each subject is developed by a domain-specific expert 
who could apply his/her knowledge to the setting of the paper. Though there are 
obviously content and expertise differences, the phases of the test development that 
the PISA designers follow, is somewhat analogous to the DBR design I followed in this 
study. The PISA also utilises a panel discussion, and cognitive interviews are 
conducted before the test is piloted for the first time. However, during the second 
phase, the PISA test designers present the results of the first pilot test to the panel of 
experts again to refine the test for another pilot study (PISA Technical Report, 2012).  
 
My study is loosely based on the first phase of the PISA, where “assessment is 
forward-looking rather than on the extent to which learners have mastered a specific 
school curriculum: the PISA looks at their ability to use their knowledge and skills to 
meet real-life challenges” (PISA Technical Report, 2012, p. 6). By no means in this 
comparison do I claim that my test design and development is at all on the level of a 
large scale and well-funded international test development process like the PISA one, 
but it was comforting to know that at least on a very minute scale I followed somewhat 
similar steps of initial test item selection and further refinement via expertise input.  
 
During the first stages of the PISA test development, “test developers found potential 
material” (PISA Technical Report, 2012, p. 38) that was in the Australian curriculum to 
assess. As discussed above, my aim was not to replicate the PISA process, only to 
use it as a guideline in the setting of the initial 92 test items of my assessment tool. 
This was the reason I changed the test development process to fit the purpose of my 
study. More specifically, I decided to use the first step of the PISA by identifying all the 
concepts (material) that needed to be tested according to the curriculum and the aims 
of the Fritz-model (this was done in Step 2 of the DBR process, see paragraph 3.1.2). 
Having done so, I would then use the MARKO-D test as a framework to help me 
contextualise these concepts into questions that used the correct mathematical terms.  
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Table 3.3 provides some examples of the initial pool of 92 developed test items. The 
table shows how the items correspond to question or activity categories in the 
MARKO-D SA and includes curriculum outcomes stipulated in the grade 3 curriculum. 
For the comprehensive list of 92 items organised under each one of these 
outcomes/aims see Appendix C.  
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Table 3.3. Eleven question/activity types from the MARKO-D SA with an example 
of a question under each aim 
Question/activity 
category from the 
MARKO-D SA 
Examples of items that correspond to the category and the curriculum 
outcomes 
Counting and finding 
preceding and 
succeeding numbers 
Connect the dots: Start at 1 and end at 37. 
 
 
 
Counting Sets  
 
Fill in the missing numbers:  
 
 
 
 
Counting of sets in text 
problem 
 
Sipho buys 243 packets of wood. The next day he buys another 122 packets of 
wood. How many packets of wood does he have altogether? 
Organising sets Complete the pattern by drawing the next 3 repeating diagrams: 
 
Recognizing differences   
 
 
a) Which row has more harts?   
b) How many more harts are there in this row?   
One more  Complete:  
a) What is 1 bigger than 199?  
b) What is 3 bigger than 223?  
Determining sub-sets, 
when only one set is 
visible 
Complete:  
a) 28 – 5 - _______ = 18 
b) 14 – 4 - ________ = 3 
Counting in steps  Complete: 
a) 30; _____; 36 ; 39 ;  _____ ; 45 ; ______  
86 ; 84 ; _____ ; _____ ; 90 ; _____ ; 94.  
Giving sets Write in short form: 
a) 300 + 40 + 3 = _____________ 
b) 800 + 50 + 2 = _____________ 
One to one  
 
 
How many groups of five flowers can you make from these flowers? 
 
 
Generating equal sets  Complete: 6 x 2 = ______________ 
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Table 3.3 only show some examples of the initial pool of 92 developed test items. The 
next step involved taking all these items to set a test that organised the items in a 
systemic way by organising them according to the same concept being tested in the 
curriculum. The concepts stayed the same, it was just the order of the items that were 
changed (see Appendix C the final 92 potential test items presented to the panel of 
experts).  
 
3.2.3 Cycle 1: Data Collection  
 
The next step I copied from the PISA test was to also ground my study on item 
panelling. After the 92 test items had been developed and identified, they needed to 
be revised by a panel of experts (PISA Technical Report, 2012, p. 38). The procedure 
I followed in the panel discussion was to provide each panel member with a document 
containing the 92 potential test items (see Appendix D for 92 test items as they were 
presented to the panel of experts). One by one each item was presented and its 
potential to be included as a test item in the final assessment tool was discussed. I 
used open-ended discussions by means of unstructured conversations to guide the 
panel of experts only when they needed clarification (Rubin & Rubin, 2005). I did not 
want to set limits on the responses I could get but rather wanted to let them guide the 
item selection.  
 
The aim of this open-ended discussion with the panel of experts was to afford them 
the freedom to express their ideas and thoughts on a certain item and to get their 
opinions on why or why not this item should be included in the test. I wanted the panel 
of experts to feel free to express their ideas, based on their knowledge and experience, 
to guide the inclusion of items. I did not want them to be restricted by questions but 
rather to have an open floor for discussion so that I would be exposed to multiple 
opinions, situations and views that would later enable me to construct informed 
arguments for the inclusion or exclusion of specific items. These discussions were 
voice- recorded for subsequent transcription (Stuckey, 2013). In the end a total of 47 
suitable test items (see Appendix E for 47 selected test items) were selected by the 
panel and included in the assessment tool I used to collect data in Cycle 2.  
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3.2.4 Cycle 1: Data analysis  
 
According to Henning et al. (2004, p. 101-104), the true test of a competent qualitative 
research is in the analysis of the data. In Cycle 1 my data analysis started with the 
transcribing of the voice recordings. The transcriptions were then coded (see Appendix 
F) and, through open coding (Maree & Pietersen, 2008), the codes were collapsed 
into categories of similar meaning (Henning et al., 2004). Segments of meaning were 
then abstracted from the categories and formed into identifying themes (Devers & 
Frankel, 2000). Throughout this process, colour coding was used to identify 
corresponding codes, collapsed categories and abstracted themes (see Chapter 4 
paragraph 4.1). The final, abstracted themes show the criteria the panel of experts 
used when they selected the test items to be included in the final assessment tool, 
that is, the one which I eventually used in the pilot assessment of selected grade 3 
learners.   
 
3.3 Cycle 2 
 
The second cycle of data collection involved the assessment of grade 3 learners at 
the schools which served as my research sites. The tool used for this assessment was 
the one consisting of the test items selected in Cycle 1. A total of 47 test items, 
selected by the panel of experts, was included in this assessment tool (see Chapter 4 
paragraph 4.1 for the presentation of the final 47 test items as well as Appendix E), 
and it was pilot tested on 159 grade 3 learners from four classes in two schools.  
 
3.3.1 Cycle 2: Sampling 
 
This study used only a small sample of grade 3 learners from four classes in two 
schools in Johannesburg, Gauteng. The sample is thus not representative of the entire 
grade 3 South African population (Gravetter & Forzano, 2012). Informed by the focus 
of the study, namely to assess grade 3 learners’ performance on a custom-designed, 
curriculum-based test, I opted to use a purposive sampling method to select the 
schools (Devers and Frankel, 2000). As a first step, I identified least two schools which 
might be representative of a public, middle income private school in South Africa. In 
the end, grade 3 learners from the University of Johannesburg’s teaching school, and 
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a small low-fee private primary school in the East of Johannesburg were tested with 
the finalised items. Altogether four classes - a total of 159 learners – were assessed 
as part of the study.   
 
3.3.2 Cycle 2: Data collection 
 
The grade 3 learners who participated (i.e. who wrote the test) were given the 
opportunity to answer the questions individually within the space of 90 minutes - the 
prescribed time according to the curriculum. The assessment tool was administered 
by the teachers of the learners in each class because learners’ familiarity with their 
teachers’ way of instruction and guidance would, so I surmised, eliminate any factors 
that might influence learner performance (Singh, 2007). Extra care was also taken to 
ensure that the participants were comfortable and at ease within the setting by 
ensuring that excessive noise and other distractions were eliminated so that they could 
give their full attention the writing of the test.  
 
3.3.3 Cycle 2: Data analysis 
 
The test results were quantitatively coded and analysed. The scores were captured 
on an Excel spreadsheet which included all the necessary information on each 
participant as well as on the item included in the test and the level of each item (See 
Appendix G). The Excel spreadsheet was used as a means of organizing the data in 
such a way that it was possible to see at a glance which results were obtained in each 
item regardless of the level or concepts tested. This first step was aimed at analysing 
the numerical variables obtained by participants by also giving a total score of how 
many items were answered correctly by calculating all the single item scores learners 
obtained. Correct items were coded with a value of one and incorrect items with a 
zero. From these coded scores various calculations were made. 
  
The first calculation was to obtain each learner’s total score. These test scores were 
then arranged from the highest to the lowest to determine the mode – i.e. the value 
which represents the central score obtained by the most participants of the 
study (Shamoo & Resnik, 2003). The second calculation was aimed at determining 
the mean score of the test results. This was achieved by calculating the sum of all the 
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test scores and then dividing it by the total number of participants in the study (Shamoo 
& Resnik, 2003). The mean score also reflects the average score attained by all the 
participants. Both the mean and the mode were then used to determine the standard 
deviation (i.e. the statistic that will be used to describe the spread of the test scores) 
of the test results. The use of standard deviation in this study is aimed at determining 
the difference between a learner’s score, the mode and the mean. If all the test scores 
are close to the mean and mode then the standard deviation is low, showing little 
difference between values, but if the test scores differ markedly from the mean then 
the standard deviation is high (Shamoo & Resnik, 2003). The spread of the data in 
relation to the mean and the mode could serve as an indication of how many children 
struggle in Mathematics as well as of which children are functioning at a higher level 
than expected of the average grade 3 child.   
  
Having done the calculations, a bar graph was constructed for each item at each 
conceptual level to determine how many children got the answer correct and how 
many did not. The items are arranged according to the level at which the questions 
were pitched, with all the test items on the same level being arranged on the same 
graph to enable the assessor and/or researcher to reach/draw informed conclusions 
on the number of items that were answered correct or incorrectly at each. Finally, 
learner performance in items at a specific level will also be discussed per level to 
determine at which levels learners’ performance indicated that they understood the 
mathematical concepts that were tested and at which levels they did not.   
 
3.4 Ethical Considerations 
 
In terms of the ethics of research, it is the responsibility of each researcher to be 
honest and respectful to all those are participating in a research study (Gravetter & 
Forzano, 2009). As a researcher, I therefore had to ensure that I followed the protocol 
in terms of ethical clearance, letters of consent, and permission to conduct this 
research study. Permission to do the study was firstly obtained from the University of 
Johannesburg’s Ethics Committee (see Appendix B1).  As the data collection was 
done in two cycles, I had to further consider ethical aspects for participants involved 
in both cycles.  
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3.4.1 Cycle 1: Ethical Considerations 
 
Letters of permission to conduct the interview were given to the panel of experts (see 
Appendix B2 for their informed consent to participate in the study). In the consent letter 
they were informed of the nature of the research and provided with all other necessary 
information regarding the research, like the procedures and purposes of the study. By 
signing the letter of consent each panel member agreed to participate in the study. 
They were also advised that their participation was voluntary and that they had the 
right to withdraw at any given time. To ensure their anonymity participants’ real names 
are not used in the transcriptions or in any part of the dissertation. I made sure that in 
discussions all participants felt included by asking questions and allowing them the 
right to freedom of expression, choice, dignity and protection against harm (Singh, 
2007). In the end participants’ positive feedback was that they were comfortable 
throughout the process and enjoyed participating in the study. 
 
3.4.2 Cycle 2: Ethical Considerations 
 
In this study, institutional approval was needed from the two schools involved. 
Additionally, as the children were minor participants, consent for them to participate 
had to be obtained from their parents and/or guardians (see Appendix B3 for the 
parental consent form). When institutional approval is required, accurate information 
is provided about the research proposal and approval prior to conducting research is 
obtained (Gravetter & Forzano, 2009). In the university teaching school, permission to 
conduct the study was obtained from the university’s Faculty of Education research 
committee who oversees all research in the teaching school. Although it is a public 
school there was no need to ask permission from the Gauteng Department of 
Education (GDE) as all research had been approved in the school according to an 
agreement between the GDE and the University of Johannesburg. The other school 
involved in the study was a low-income private school in the East of Johannesburg. 
Permission to do research in the school was obtained from the schools’ governing 
body (see Appendix B4).  
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It was clearly communicated to the principal, teachers and learners participating in the 
study that no one would be harmed by the processes involved in gathering the data. 
The schools were also ensured that participation was on a voluntary basis and that 
participants had a right to withdraw at any given time. Participants decided to 
participate of their own free will: at no stage did they feel forced to participate or that 
their choice in this regard was limited (Gravetter & Forzano, 2009).  As the participants 
were minor children, the study was explained to them in very simplistic terms.  
Anonymity was also an ethical measure that was used with minor participants. To 
ensure anonymity neither their real names nor the names of their schools were 
mentioned. Consideration of the fundamental rights of all participants was also inimical 
to the process.   
 
3.5 Conclusion  
 
In this chapter, I discussed the research design and process that I followed in the 
study. More specifically, I presented the DBR design and my adaptation of a DBR 
process by Reeves (2006). I specifically explicated in the description of my adaptation 
of the Reeves (2006) process, the four steps and two iterative cycles involved in the 
collection and analysis of data for my study.  Lastly, ethical considerations for this 
study were discussed.  
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CHAPTER 4 
RESEARCH RESULTS AND DISCUSSION OF FINDINGS 
 
This chapter is a presentation of the collection and analysis of data in this research 
study. Reeves’ (2006) DBR process, which was discussed in Chapter 3 (see 
paragraph 3.1.2), was adapted and used for the planning of the process followed in 
this study. The data collected in Cycle 1, Parts 2 and 3, as well as in Cycle 2 of the 
iterative data collection and refinement process (see Figure 3.3 and paragraph 3.2.2 
for the depiction and description of both) are described and discussed in this chapter.  
 
To briefly reiterate what was presented in Chapter 3 (see paragraph 3.1.2), data 
collection in this study involved two cycles, as described in Step 3 of the DBR design 
process. Consequently, the presentation of data in this chapter (Chapter 4) are 
presented in terms of these two cycles. I therefore first provide a summary of these 
two cyclical processes before I present the data and discuss each cycle in detail.  
 
In Cycle1, data collection involved the voice-recording (see Appendix H) and its 
subsequent transcription (see Appendix F) of the panel of experts’ discussion of test 
items to decide which should, or should not, be included in the subsequent design of 
the envisaged test. The transcribed data were then coded in terms of “different 
segments or units of meaning” (Henning et al., 2004, p.105). To this purpose, the 
original transcription was first colour-coded (see Appendix F) to later be able to 
group/collapse specific data bits into different categories. The next step, after all the 
data had been grouped into categories was the abstraction of cohesive themes from 
the categories. The themes were then analysed to determine possible reasons for the 
panel’s selection and rejection of specific test items. Finally, 47 test items were 
selected for inclusion in the design of the eventual assessment tool.   
 
Cycle 2 data were obtained by analysing the test results of learners participating in the 
piloting stage of the assessment tool. Once coded, scored and represented on an 
excel spread sheet the test data were used to determine the mean, mode and 
distribution (the spread) of scores amongst items. The results of this analysis gave a 
fair indication of how the children fared on the overall test as well as on individual test 
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items. The section which follows is devoted to the detailed discussion of the research 
findings generated by the data analysis procedures typifying each cycle.   
 
4.1 Results: Cycle 1 (Part 2 and Part 3) 
 
The transcription of the discussion that took place with and amongst the panel 
members represent the qualitative data of this study. As indicated in Chapter 3 (see 
paragraph 3.4.1), the method used to generate this data was an open-ended 
discussion which allowed panel members to freely express their ideas and opinions of 
each item. The transcription, which was a record of their views (see paragraph 3.4.1 
in Chapter 3) thus constituted the primary data source for this cycle. As such, it was 
used for the identification of codes (highlighted in different colours in the transcription 
– see Appendix F). Codes highlighted in the same colour (and, therefore, more or less 
the same ‘meaning’) were then grouped into tables, collapsed into categories (see 
Tables 4.1 – 4.5) from which cohesive themes were subsequently abstracted. In the 
end, these themes were thematically adapted as a represented criterion which panel 
members used - implicitly - to decide which of the 92 potential test items should be 
included or rejected. Even though the panel did not use these thematically derived 
criteria overtly to choose suitable test items and although the criteria were only 
identified by me in the process described above, they were implicitly informed / guided 
by these in their selection and/or rejection of specific items. This thematically derived 
criteria, even though they were only identified after the actual data generation event, 
as well as the process from which they emerged might well be simulated in future by 
the designers of other tests/assessment tools.  
 
4.1.1 Results: Part 2 - Panel Discussion 
 
Five main themes were abstracted from the transcription of the panel discussion. 
Although they were only identified after the event, as part of the data analysis process, 
these themes, form the main foundation from which test items were selected and 
rejected during the panel discussion process. The discussion which follows, although 
focusing specifically on each of these five themes – the outcomes of the data analysis 
process - also touches, albeit implicitly, on the analysis process itself – indicating how 
the ‘collapsing’ of codes into specific categories gives rise to the emergence of a 
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specific theme. The themes, thematically, informed the development of criteria (a yard 
stick or measuring device) which is suggested to be used when an assessment tool is 
designed. I would say that what emerged from the panel discussion/transcription – the 
‘themes’, in other words – what they feel could affect learners’ performance in a test – 
be seen as a reconfiguration of the ‘thematic’ concern as a criteria (column 4 of each 
table below) which future test designers could use as a suggested guideline in the 
design of their tests/assessment tools.   
 
In the section to follow the ‘thematic’ concerns that emerged from the codes, 
categories and themes for the design of an assessment tool will be discussed by 
presenting the data for each ‘thematic’ concern in a table. The first column of the table 
will reflect the coded discussion points that were identified from the transcription made 
from the voice recordings. The second column reflects how these codes were 
collapsed into categories. The third column is the emerging theme that serves as the 
‘thematic’ concern that should be kept in mind for the design of a mathematical 
assessment tool. The last column shows the primary criterion that was derived from 
the theme that could serve as a guideline when test developers set an assessment 
tool.   
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Table 4.1. Mathematics vocabulary and language: Codes, categories, theme and 
criteria 
Coded discussion points Codes collapsed into 
categories 
Theme that emerged from 
categories: Thematic 
concern for the design of an 
assessment tool 
Thematically derived 
criteria for the selection 
of test item. 
Language of instruction   
• Learners often struggle 
with understanding words 
on Items.  
 
• Language in mathematical 
tests should not influence 
the results of learners.  
 
 
• Language used on Items 
should be accurate and the 
way in which items should 
be are structured in such a 
way that learners will know 
exactly what they are 
required to do.  
 
 
 
 
Mathematics vocabulary 
and language: Mathematical 
language and vocabulary 
usage effects learner’s Math’s 
performance.  
 
A test developer should 
take careful consideration 
of language in a test by 
using the appropriate 
mathematical vocabulary 
for the content area being 
assessed. 
  
English is their second language, 
but English is the language of 
instruction at the school. All 
instruction at school is in English.  
change the way in which the Item is 
asked 
I find it fascinating that you do not 
use language in the Iteming so 
much.  
not to make language an aspect 
that could have an effect on the 
score’s children obtain  
teacher will also be reading the 
items to the learners to overcome 
any language barriers they might 
have.  
cannot always take away all 
language from a math test 
connections between numbers and 
language. 
Symbol is a confusing word.  
Digit is not a word used in the 
curriculum only words like number 
symbol and number name. 
should teach mathematical 
language that is specific for the 
content area.  
struggle with the word more.  
understand the word lots better.  
not a good thing because you are 
giving them a clue then because 
allot is helping them realize that is 
one with the most things.  
write is the verb and now you are 
asking them to write an addition 
sum = abstract language a 
nightmare 
Collect is a good word to use, 
Change the wording of the word 
problem 
the passive voice makes it very 
difficult for children to understand. 
not to repeat the word flowers. 
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In Table 4.1, the main theme was abstracted by collapsing codes into categories, of 
which the main theme for the respective codes was identified. This main theme served 
as a thematic concern that I reconfigured into a criteria to which future test designers 
could use as a guideline in the design of their tests/assessment tools: A test developer 
should take careful consideration of language in a test by using the appropriate 
mathematical vocabulary for the content area being assessed. This criteria includes 
taking the language of instruction in the Mathematics lesson into consideration but to 
also include language that children would understand and use in instruction: the 
allusion is to the language of mathematics, thus mathematics vocabulary. The way in 
which language is used should in no way influence the way learners answer the items. 
In other words, the way in which language is used must inform learners what to do: it 
should neither confuse them nor give them clues as to which operation they should 
apply to get to the answer.  
 
Some examples of language usage which might negatively affect learner performance 
are: 
i) Not including mathematical language with which learners are familiar. 
Mathematical language in each content area should be include on Items. An 
example of this is not to use the word ‘lots’ as learners know that this means 
‘the bigger one’; rather use the correct mathematical term from the curriculum 
specified for the content area like ‘which is more’.  
ii) Not phrasing language in word problems in such a way that the problem makes 
sense and/or using language in a context which does not make sense to 
learners.  
iii) Using passive instead of active voice in the phrasing of items: this is 
problematic since learners will first have to ‘waste time’ processing the 
sentence before being able to determine what the mathematical problem is that 
they are supposed to solve.  
 
Table 4.2 was derived following the same procedure as suggested above and will be 
explained in the same way by referring to the codes identified from the transcription 
with the panel. These codes were then collapsed into categories from which the theme 
emerged. From this theme a thematically derived criteria were abstracted for the 
selection of test items.  
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Table 4.2. Conceptual Knowledge: Codes, Categories, Theme and Criteria.  
Coded discussion points Codes collapsed into 
categories 
Theme that emerged from 
categories: Thematic 
concern for the design of an 
assessment tool 
Thematically derived 
criteria for the selection 
of test item. 
what construct is that testing  
• The test developer should 
know which construct is being 
tested by each item to ensure 
that the item serves a learning 
purpose.  
• Items should test for 
conceptual knowledge, not for 
the recalling of facts.  
• The test developer should have 
knowledge of the way children 
think in/about Mathematics.  
 
 
Conceptual knowledge: 
Children make sense of 
mathematics on different 
conceptual levels.  
 
 
To ensure that items test for 
learning (AfL), test developers 
should design items in ways 
that take into account the 
conceptual ways in which 
children make children make 
sense of mathematics.  
what goes on in your study of 
what analogically goes on in the 
mind. 
Now that you know how the brain 
works, you know now they must 
think  
what is the construct that she is 
testing 
rote learning  
getting their mind around this. 
know the facts of math, this is 
curriculum and procedural 
knowledge but not conceptual 
knowledge. 
the obstacle, this is a thing that 
learners struggle with...these 
two levels, that are so different, 
level 2 and level 5 we are putting 
together in one problem. 
Look at the constructs rather 
than looking at curriculum. 
What is the main construct being 
tested here?  
 
In Table 4.2 the main theme was abstracted by collapsing codes into categories, of 
which the main theme for the respective codes was identified. This main theme served 
as a thematic concern that I reconfigured into a criteria to which future test designers 
could use as a guideline in the design of their tests/assessment tools: To ensure that 
items test for learning (AfL), test developers should design items in ways that take into 
account the conceptual ways in which children make children make sense of 
mathematics. This involves conceptual knowledge of how children make sense of 
mathematics to ensure test items assess for learning (AfL). Before an item is included 
in a test, test developers should understand what the aim of the construct is that they 
want to test and what the purpose of the item should be. They should, moreover, reflect 
on their own reason for asking the item and be clear about what it is that they want to 
achieve or understand about children’s mathematical conceptual processes.  
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For this to happen, test developers should understand how children make sense of 
mathematical facts and constructs. Rather than basing test items solely on the 
curriculum, they should base them on mathematics constructs. In other words, they 
should identify a construct first, then determine the extent to which curriculum content 
could be aligned to this construct to ensure what is being assessed will tell you 
something about where (i.e. at which conceptual level) the child is in his/her learning 
and understanding of the curriculum content concerned.   
 
Table 4.3 was derived following the same procedure as suggested in the above tables.  
The codes identified from the transcription were collapsed into categories from which 
the theme emerged. From this theme a thematically derived criteria were abstracted 
for the selection of test items.  
 
Table 4.3. Curriculum Inclusion: Codes, categories, theme and criteria.  
Coded discussion points Codes collapsed into 
categories 
Theme that emerged from 
categories: Thematic 
concern for the design of 
an assessment tool 
Thematically derived 
criteria for the selection 
of test item. 
not make it from one - be able to 
go bigger   
 
• Keep number range in mind 
when setting test items.  
• Do not make Items too easy 
for learners involve their 
thinking processes.  
 
 
Curriculum Inclusion: 
Curriculum policy and thinking 
processes need to inform 
assessment design.  
 
A test developer should use 
the correct number range by 
structuring items in a way that 
challenges learners’ 
application of curriculum 
knowledge. 
number range 
physical number line - doesn’t 
have a fix line. 
With dots on a line that goes in 
different directions. 
in their minds a line is straight. 
This is a line but it isn’t straight, 
brain needs to tell me I am 
counting in ones, my intervals are 
not the same, but I am still 
counting in ones.  
distances between the numbers 
are not the same.  
Take the same number to assess 
learners on but place it in a 
different order for example test 
the value of 7 but place it in 
different positions in a number for 
the value to change.  
Make it one thing they can buy. 
needs to be included as this they 
use to do rate later 
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In Table 4.3 the main theme was abstracted by collapsing codes into categories, of 
which the main theme for the respective codes was identified. This main theme served 
as a thematic concern that I reconfigured into a criteria to which future test designers 
could use as a guideline in the design of their tests/assessment tools: A test developer 
should use the correct number range by structuring items in a way that challenges 
learners’ application of curriculum knowledge. When setting a test, always ask items 
that challenge learners to think about what was learned in class. Asking items that 
challenge their application of procedures will enable them to apply their procedural 
knowledge and understanding to different problems, thus making the knowledge their 
own and preparing them for further learning.  
 
Table 4.4 was derived following the same procedure as suggested in the above tables.  
The codes identified from the transcription were collapsed into categories from which 
the theme emerged. From this theme a thematically derived criteria were abstracted 
for the selection of test items.  
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Table 4.4. Concept inclusion: Codes, categories, theme and criteria.  
Coded discussion points Codes collapsed into categories   Theme that emerged from 
categories: Thematic concern for 
the design of an assessment tool  
Thematically derived 
criteria for the selection of 
test item. 
counts 65% of the entire curriculum 
weight 
 
• Content areas should be kept 
in mind when testing 
concepts. 
• Grade 3 learners must be 
able to solve problems 
abstractly. 
• There should be low and high 
order items in test.   
• Select items purposefully, by 
collapsing items to test 
concepts once.  
• Concept knowledge must be 
tested in different ways to 
assess for understanding.  
 
Concept inclusion: Curriculum 
concepts need purposeful 
inclusion in test design with the 
aim of assessing for learning.  
 
A test developer should 
include concepts 
purposefully, in familiar 
contexts that enable 
learners to apply 
knowledge of the concept 
to any given item to show 
their understanding.  
include one money problem that test 
all these in one.  
Abstractly 
test a higher order of thinking. 
well for higher order thinking 
children.  
Construct has been tested.  
be a realistic thing for children 
same construct in different ways as 
one way in a test is fine. We teach all 
methods but can only assess one 
way. 
collapse the other items into one item 
 different way of asking it, just 
collapse the items.  
collapse in one item.  
One item is enough to test if learners 
can do it or not.  
test constructs must not be grouped 
together but scattered. You have to 
mix items.  
and testing children on these with no 
clear understanding of the clear 
construct being tested. 
a perception tool in assessment you 
can test the construct from a different 
way.  
need to ask items differently because 
we need to ask item that still test 
curriculum but, in a way, children are 
not use to and have not been trained 
to answer. 
test a curriculum, you the tester, go 
into a certain mode and if you are 
testing concepts you are going into a 
completely different mode. - bringing 
those two together 
not the custom of what is learned to 
them, so you are creating a problem 
by asking something they know but 
not used to this specific custom of 
asking this item. 
not straight forward 
testing a construct in a different way 
but still assessing curriculum, you 
can say that children are not 
understanding in the construct being 
tested.  
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In Table 4.4 the main theme was abstracted by collapsing codes into categories, of 
which the main theme for the respective codes was identified. This main theme served 
as a thematic concern that I reconfigured into a criteria to which future test designers 
could use as a guideline in the design of their tests/assessment tools: A test developer 
should include constructs purposefully, to familiar contexts that enable learners to 
apply knowledge of the construct to any given item in order to demonstrate their 
understanding. In purposefully selecting constructs, the test designer should keep the 
content area concerned in mind to ensure that the item being designed will test what 
it is supposed to and in such in a way that children will understand.  
 
The purposeful selection of constructs was an aspect on which the panel placed a 
great deal of emphasis, arguing that it is imperative that test designers should know 
what they want to ask: they should not just randomly set items with no understanding 
of why they are asking the specific items. Constructs should, moreover, be tested in 
different ways to determine whether children understand the functions and operations 
of the constructs concerned. Even though different operational methods are taught in 
the classroom, only one method should be assessed in a single test. The reason for 
this, according to the panel, is that a child who understands a construct conceptually 
will be able to apply his/her knowledge, no matter how the item is structured.  
 
Table 4.5 was derived following the same procedure as suggested in the above tables.  
The codes identified from the transcription were collapsed into categories from which 
the theme emerged. From this theme a thematically derived criteria were abstracted 
for the selection of test items.  
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Table 4.5. Test – design aim: Codes, categories, theme and thematically derived 
criteria.  
Coded discussion points Codes collapsed into 
categories   
Theme that emerged 
from categories: 
Thematic concern 
for the design of an 
assessment tool  
Thematically derived 
criteria for the selection 
of test item. 
don’t just want to copy what 
already exists 
 
• Use a matrix when 
designing items in order to 
purposefully select items. 
• Knowledge of curriculum, 
assessment and the way 
learners process information 
is critical to the designing of 
a test.  
 
Test design aim: Aim of 
test design should be 
assessment for learning 
(AfL) against a matrix to 
make sure test items 
adhere to principles of 
AfL.  
 
A test developer should have 
a specific aim in mind before 
s/he develops a test, 
including items on 
procedural as well as 
theoretical knowledge.  
Have a matrix 
researcher needs to 
reformulate the item 
because teachers are 
trained in curriculum and 
trained to think this.  
Do not - grabbing a bunch of 
items together 
 
In Table 4.5 the main theme was abstracted by collapsing codes into categories, of 
which the main theme for the respective codes was identified. This main theme served 
as a thematic concern that I reconfigured into a criteria to which future test designers 
could use as a guideline in the design of their tests/assessment tools: A test developer 
should have a specific aim in mind before developing a test is developed which 
includes items on procedural as well as conceptual knowledge. More specifically, 
designers must know in advance not only what they want to assess but also how the 
want to do it. Moreover, they need to consider all aspects related to the setting of the 
test, not only curriculum concepts. They should also have a structure in mind which is 
aligned to the test purpose or lends itself to the achievement of the purpose concerned. 
Finally, they should have or design a matrix - a set of steps - that will facilitate the 
realization of the test purpose.   
 
From the data presented here, derived from the transcription of the panel session 
discussions, five main themes were abstracted, each of which could be used to derive 
a thematically criteria for the test development/design process. I would argue that 
these criteria have the potential to assist grade 3 Mathematics test developers to 
develop assessment for learning tools that consider multiple views on important 
concepts which should be included in the design of a Mathematics test. In Table 4.6 
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the five themes and the proposed thematically derived criteria for each are listed with 
reference to the design of an assessment for learning too. 
 
Table 4.6. Test development Criteria  
  
Table 4.6 could be used as a tentative frame of reference within the parameters of 
which the design of assessment tools which could simultaneously   assess conceptual 
development and curriculum understanding. More specifically, the criteria listed 
/expounded in the table could, in future, be used to guide test developers to 
purposefully design an assessment tool that could inform learning.  
 
4.1.2 Results: Part 3 - Test item selection   
 
During the discussion with the panel, 47 test items were selected from the initial 92 
potential test items. Some of these 47 test items were retained unchanged while others 
were adapted based on the opinions and ideas on purposeful assessment for learning 
expressed by the panel which served as my sounding board (see Appendix F – 
transcription - for specific comments on certain test items).  
 
In this section, I present each of the 47 test items that were included in the assessment 
tool, discussing the items with reference to the description of the task at hand, the 
Thematically derived criteria as a suggested guideline in the design of test / assessment tools 
for future test designers.  
Mathematics vocabulary and language: A test developer should take careful consideration of 
language in a test by using the appropriate mathematical vocabulary for the content area being 
assessed. 
Conceptual Knowledge: To ensure that items test for learning (AfL), test developers should design 
items in ways that take into account the conceptual ways in which children make children make sense 
of mathematics.  
Curriculum Inclusion: A test developer should use the correct number range by structuring items in a 
way that challenges learners’ application of curriculum knowledge. 
Concept Inclusion: A test developer should include concepts purposefully, in familiar contexts that 
enable learners to apply knowledge of the concept to any given item to show their understanding. 
Test - design aim: A test developer should have a specific aim in mind before s/he develops a test, 
including items on procedural as well as theoretical knowledge. 
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comments made by the panel on the rationale for their inclusion, the curriculum 
concept that would be tested and Fritz’s hierarchical levels of conceptual development. 
I also indicate adaptations to the original items where applicable.  
 
Item 1, Item 2, Item 12 and Item 17__         
 
 
 
 
 
 
 
 
Figure 4.1. Item 1 in the test design  
 
Item 1 (Figure 4.1) was selected by the panel of experts on the basis that it challenges 
learners to mentally represent numbers on a number line that does not start at number 
one. Since the number range for the grade 3 curriculum is zero to 1000, the number 
line representation in this item starts at 801, thus assessing learners’ mathematical 
knowledge and understanding of a number range consisting of bigger numbers as 
required in the curriculum.  
 
 
 
 
 
 
 
Figure 4.2. Item 2 in the test design 
 
Item 2 (Figure 4.2) was preferred to a straight number line because one of the experts 
argued that learners should be able to represent numbers mentally in any direction. 
Moreover, the Item is not aimed at the assessment of interval recognition but rather at 
determining whether learners are able to recall the sequence of numbers in any given 
Test Item 1: Count from 801 to 850. 
801         810 
     816     
          
          
         850 
 
 
 
Test item 2: Fill in the missing numbers 
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interval. Based on these reasons, the experts suggested the use of a curved line in 
which the spaces between the numbers were unequal, thus determining whether 
learners realize (conceptually) that they are counting in ones even though the intervals 
are not the same.  
 
 
 
 
 
 
Figure 4.3. Item 12 in the test design  
 
Item 12 (Figure 4.3) was designed by collapsing other items into a single item to 
eliminate repetitive testing of the same concept.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4. Item 17 in the test design  
 
The image on Item 17 (Figure 4.4) was not the one originally included in the initial draft 
of the test. The panel decided that the original image would confuse learners because 
of the vertical arrangement of words and the fact that the names were not placed under 
each person. According to them, learners should already know by just looking at the 
picture that it depicted a race, hence the names of the participants should be either 
below or above each person involved in the race.  
Item 12: Complete  
a) What comes before 639?  
b) What comes between 798 and 800?   
c) What comes after 999? 
 
Item 17: Look at the picture and answer the 
questions: 
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a) Task description for Item 1: The conceptual process being tested in this item, 
as required in the grade 3 Mathematics curriculum, is the ordinal representation 
of numbers. A number line is a line on which numbers are represented in 
ascending order. The number line to be used in this item (see Figure 4.1) is an 
example of a closed, straight number line that has both a starting and an ending 
point. Learners must fill in the missing numbers by first representing the number 
801 abstractly and then placing the other numbers that follow 801 in an 
ascending order until they reach the number, 850.  
 
Task description for Item 2: The conceptual process being tested, as required 
in the grade 3 Mathematics curriculum, is the representation of numbers in an 
ordinal way. As indicated earlier, a number line is a line on which numbers are 
represented in ascending order: nowhere does it say that they must be 
represented on a straight line. My contention is that children always assume 
that a number line must be straight, without any room for deviation when, in 
fact, the purpose of a number line is to help learners represent numbers 
ordinally, regardless of the shape of the line. I therefore argue that since 
learners must learn that numbers follow each other regardless of the shape of 
the line, therefore a curved line is could also be used to assess learners’ ability 
to represent numbers in an ordinal fashion.  
 
Task description for Item 12 and Item 17: The conceptual process being tested, 
as required in the grade 3 Mathematics curriculum, is the representation of 
numbers in an ordinal way. Item 12 assesses whether learners can identify the 
numbers that come before, after and in between other numbers as they are 
represented on a number line. Item 17 assesses whether learners can identity 
the order in which the contestants finish the race. On Item 17 ordinal numbers 
are also being assessed by using ordinal number names that require learners 
to conceptualize the meaning of the number name to a position of a specific 
person in the race, on the picture.  
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b) Concept tested on Item 1, Item 2, Item 12 and Item 17: The concept being 
tested is ordinal numbering. More specifically whether learners understand and 
have attained the skill in which numbers are ordered, placed and positioned in 
an ordinal representation on a number line.  
 
c) Hierarchical level for Item 1, Item 2, Item 12 and Item 17: Level 2, Mental 
number line. The second level in the hierarchy of concepts being assessed is 
the representation of numbers on a mental number line. At this stage, the 
quantitative representation of numbers on the number line makes way for an 
abstract, but still ordinal representation of numbers on the number-line. The 
abstract representation referring to the cognitive process involving the 
placement of the number on the number line. This level of conceptual 
understandings involves children to fill in the missing numbers on an existing 
number line by placing numbers in the correct position, in terms of numbers 
relating to before, after and in-between other numbers.  
 
Item 3 , Item 5 and Item 8_          
 
 
 
 
 
 
 
 
 
Figure 4.5. Item 3 in the test design  
 
Item 3 (Figure 4.5), which is a Level 1 item, was included as a test item to ensure that 
all the levels of the Fritz-model would be represented in the test. This item initially also 
had an estimation Item, but the panel decided to include only the counting of the fish 
as it would be impossible in a written test situation to determine whether learners 
honestly ‘estimated’ the number of fish before they counted them or whether they 
simply counted them and then pretended that this was their ‘estimation’.    
Item 3: Look at the picture:  
Count how many fish are in the 
bowl. 
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Figure 4.6. Item 5 in the test design  
 
Item 5 (Figure 4.6) was included in the test design to assess learners’ Level one 
conceptual understanding of counting skills by connecting the dots. The panel agreed 
that this was a good level one item since, as the space between the dots are not equal, 
it did not test for interval recognition. This was also not the usual way of assessing 
counting in a test and as discussed during one of the code selection sessions, panel 
members felt that it was important to ask items in different ways if one wanted to 
assess for understanding rather than the mere recalling of facts. Another point made 
by panel members was that to assess all levels of conceptual understanding, higher 
and lower order thinking (see Figure 5.1 - Bloom’s Taxonomy - Lower and Higher 
Order Thinking) items should be included in the test. This item was an example of a 
lower order thinking item. 
 
 
 
 
 
Figure 4.7. Item 8 in the test design  
 
Item 8 (Figure 4.7) was selected to assess if learners could recognise and name 
numbers. This being an important component of the content area Numbers, 
Operations and Relationships, it must be assessed. Only one item was included 
because, as indicated earlier, it is important to not over test a concept. Assessing 
something once would provide enough evidence of learners’ conceptualization, 
reasoning process and thinking behind the naming / defining of the concept.  
Item 5: Connect the dots.  
Start at 1 and end at 37. 
 
 
 
 
 
 
 
 
Item 8: Write the number: 
e.g. nine = 9 
 
one hundred and six 
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a) Task description for Item 3 and Item 5: The conceptual process being tested is, 
as required in the grade 3 Mathematics curriculum, the ability to accurately 
count at least 1000 everyday objects. On Item 3, learners need to count how 
many fish there are in the bowl. On Item 5, learners need to connect the dots 
in an ordinal way of counting them one to one from point to point to complete 
the outline of the picture. 
 
Task description for Item 8: The conceptual process being tested is, as required 
in the grade 3 Mathematics curriculum, recognizing, identifying and reading 
numbers and number names.  
 
b) Concept tested on Item 3: The concept being tested is giving the number 
symbol of a total: representing a number total as a symbol. More specifically 
whether learners are counting in numbers and representing the total number 
(i.e. the sum of the counting process) with the correct number symbol.  
 
Concept tested on Item 5: The concept being tested is the relationship of 
numbers. More specifically counting and connecting numbers in an ordinal way.  
 
Concept tested on Item 8: The concept being tested is giving the number 
symbol of a number name - representing a number name as a number symbol. 
More specifically whether learners are can represent the correct number 
symbol for the number name mentioned in the item.  
 
c) Hierarchical level: Level 1, Count numbers. The first level is about counting and 
understanding the relationship between numbers and number words as 
representations of these as well as about understanding number words as 
counting tools. Learners should demonstrate that they understand that in 
counting, they are representing the quantity/amount of whatever it is that they 
are counting numerically – i.e. by means of a number. In other words, they are 
not simply recalling number rhymes: they understand that the numbers 
represent quantities. The can represent this number quantity by means of a 
number symbol or a number name.  
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Item 4 , Item 16 and Item 30       _________________ 
 
 
 
 
 
 
 
 
 
 
Figure 4.8. Item 4 in the test design  
 
Item 4 (Figure 4.8) was selected as an item to be included in the test but the way in 
which the item was phrased/structured Item was changed. The initial item was, “How 
many groups of five flowers can you make from these flowers?”  The panel of experts 
suggested that the repetition of words or phrased (language items) in a test should, 
where possible, be kept to the minimum, hence the omission of the repeated word, 
‘flowers’, in the original test item and the rephrasing of the item as, “How many groups 
of five can you make from these flowers.” 
 
Item 16: Complete  
Figure 4.9. Item 16 in the test design  
 
Item 16 (Figure 4.9) did not appear in the initially proposed list of test items. Panel 
members recommended that Items 21 – 26 in the initial list test design include the 
house method strategy to assess for part-part whole since this was a more effective 
way of assessing the concept without the use of language. Items 21 – 26 in the initial 
test design was collapsed into one item (Item 16) and structured in a house method.  
 
Item 4: How many groups of five can you make from these 
flowers? 
 
 
 
 
 
90 
 
 
 
 
Figure 4.10. Item 30 of the test design  
 
Item 30 (Figure 4.10) was included to test higher order of thinking. Learners will have 
to be able to recall and understand the mathematical term, “the sum”, to realize that 
the addition of two numbers will give a total. Since the sum/total has already been 
given, learners will have to be able to solve the problem by means of subtraction.  
 
a) Task description for Item 4: The conceptual process being tested is, as required 
in the grade 3 Mathematics curriculum, the grouping of group numbers. In this 
case children are expected to group the flowers in fives. They should therefore 
not only realize what the value of five is but should also be able conceptualize 
how many flowers there are in total to divide the total of flowers into groups of 
five.   
 
Task description for Item 16 and Item 30: The conceptual process being tested 
is, as required in the grade 3 Mathematics curriculum, the decomposing and 
composing of numbers into parts to represent the total number. In classroom 
practices it is referred to the building up and breaking down of whole numbers.  
 
b) Concept tested on Item 4: The concept being tested is the grouping of a total 
number. More specifically grouping of the multiple five in this item.  
 
Concept tested on Item 16 and Item 30: The concept being tested is number 
bonds. More specifically if learners can add or subtract separate numbers to 
equal one number quantity. It is also decomposing a number quantity into 
separate numbers to still equal the first number quantity.  
 
c) Hierarchical level for Item 4, Item 16 and Item 30: Level 4, Class inclusion and 
contentedness (part-part whole). A child understands that a number can be 
decomposed and composed in different ways. On Item 4 learners should be 
able to take the total amount of flowers and decompose them into groups of 
Item 30: Number problem 
The sum of two numbers is 525. One of the numbers is 305. What is the other 
number? 
 
91 
 
five. They should also be able to compose a total number from the group of five 
flowers. On Item 16 and Item 30 they should be able to break a number into 
two parts to equal one total number.  
 
Item 6 and Item 7            
 
 
 
 
 
 
 
 
 
 
Figure 4.11. Item 6 in the test design  
 
Test item 6 (Figure 4.11) was included in the test design by means collapsing a 
number of other items. Throughout discussions panel members emphasized the 
importance of purposefully selecting items on the same construct only once. Content 
area one in the curriculum especially includes so many concepts that need to be tested 
that even if different methods of operations have been taught in a class, only one can 
be assessed at a time due to the time limitations place on formal written assessments. 
Panel members argued, therefore, that learners who truly understood the 
conceptualization, reasoning process and thinking behind the concept would be able 
to apply their knowledge to any item.  
 
 
 
 
 
 
 
Figure 4.12. Item 7 in the test design 
Items 6: Complete the patterns and state the rule of the pattern: 
a) 236 ; 237 ; 238; ______ ; ______ ; ______ ; ______ ; ______  
Rule:_________________________________________________ 
b) 144 ; 146 ; 148; ______ ; ______ ; ______ ; ______ ; ______  
Rule:_________________________________________________ 
c) 50 ; 75 ; 100 ; ______ ; ______ ; ______ ; ______ ; ______ 
Rule:_________________________________________________ 
d) 95 ; 90 ; 85 ; ______ ; ______ ; ______ ; ______ ; ______ 
Rule:_________________________________________________ 
Item 7: Complete: 
a) 54 ; 48 ; 52 ; 46 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
b) 33 ; 36 ; 39 ; 42 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
c) 10 ; 20 ; 40 ; 80 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
d) 800 ; 400 ; 200 ;  ______ ; ______ ; ______. 
e) 32 ; 36 ; _____ ; _____ ; _____ ; 52 ; 56. 
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Item 7 (Figure 4.12) was effectively designed by the panel through the purposeful 
selection of operations to include number patterns that focused on different concepts 
and constructs. The panel designed this item by combining other items to ensure that 
each of the concepts listed in brackets hereafter would be assessed once only 
(counting in 4’s, counting in 3’s, doubling and halving). All the items were selected by 
means of scattering operations, mixing items in such a way that they would assess 
learners’ application of skills to assess for learning. 
 
a) Task description for Item 6 and Item 7: The conceptual process being tested is 
describing, comparing and ordering numbers to complete a number pattern with 
a specific pattern of counting forward, counting backwards, multiplication or 
division. All the above-mentioned number patterns have a specific pattern to 
follow to solve the problem. Learners must also give the pattern rule which they 
used to solve the pattern.  
 
b) Concept tested on Item 6 and Item 7: The concept being tested is number 
pattern recognition. More specifically to assess learner’s ability to recognize 
and solve number patterns using different mathematical procedures.  
 
c) Hierarchical level for Item 6, Items 7b and Item 7e: Level 3, Cardinality and 
decomposability. In level three the child understands that the last number 
mentioned in the pattern refers to the quantity of the set of objects from which 
they should continue counting. This is when children do not have to count the 
last number mentioned in the pattern but only counts on by continuing the 
pattern. In number 6a for example the pattern is counting in ones, but the child 
should be able to know the quantity of 236 as he / she cannot count everything 
again but needs to continue counting from the given number. This is the same 
for the other examples as well.  
 
Hierarchical level for Item 7a, Item 7c and Item 7d: Level 5, Relationality. The 
number-word line is understood as a sequence of cardinal units, in which each 
number in turn is an independent countable unit. They must see the relations 
between the numbers as well as the patterns that follow is changing with each 
new number in relation to the previous number. The first pattern, 7a, includes 
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two operations for children who are higher order thinkers. These first operation 
includes subtraction: learners have to first identify that to get from 54 to 48 they 
should subtraction six (-6). The second operations include addition: learners 
must then add four (+4) to get from 48 to 52 again. The number pattern in 7a 
therefore is -6 and then +4.  
 
Item 9, Item 10 and Item 11_______         
 
 
 
 
 
 
Figure 4.13. Item 9 in the test design 
 
Item 9 (Figure 4.13) was included in the test as one of the concepts in the content area 
that lent itself to the assessment of learners’ ability to use mathematical symbols 
correctly. The items were selected to assess learners on the number range identified 
for each term of the grade 3 curriculum.  
 
 
 
 
 
 
Figure 4.14. Item 10 and 11 in the test design 
 
Items 10 and 11 (Figure 4.14) were two of the items that one of the panel members 
suggested should be excluded from the test because the concept being tested in these 
items had already been tested in other items. The panel member concerned wanted 
to know how the previous items, which also included the assessment of learners’ 
ability to order numbers in a number pattern, was not enough evidence. The member 
concerned also wanted to know why words had to be used to test a construct that had 
been assessed in so many other items. The answer to this concern, given by other 
Item 9: Insert > or < : 
a) 19 __________25 
b) 1000__________100 
c) 76____________67 
d) 850___________580 
 
Item 10: Write the numbers from the smallest to the biggest 
               69; 90; 51; 105; 44; 64  
Item 11:  Write the numbers from the biggest to the smallest.  
               3; 46; 780; 27; 240; 320 
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panel members, was that the CAPS curriculum specifies that learners must be able to 
use mathematical language and that this ability had to be assessed. Even though the 
construct was the same, the conceptual focus was somewhat different since it tested 
mathematical language rather than mathematical operations.   
 
a) Task description for Item 9, Item 10 and Item 11: The conceptual process being 
tested is assessing the relationships numbers have towards each other by 
describing, comparing and ordering numbers.  
 
b) Concept tested on Item 9, Item 10 and Item 11: The concept being tested is the 
cardinality of numbers. More specifically whether learners conceptualize the 
quantity of a number to assess how numbers relate to each other based on this 
quantity. It is to assess whether learners can see relations between numbers 
by recognizes where the number is placed on the number line in terms of the 
quantity of the number (how big or small the number is in relation to other 
numbers). All three these items assess whether learners understand the 
relationship of number quantities by conceptualizing that some numbers are 
smaller than or bigger than the previous or upcoming number. On Item 9 
learners are also tested on how well they know their mathematical symbols like 
smaller than (<) or bigger than (>).  
 
c) Hierarchical level for Item 9, Item 10 and Item 11: Level 5, Relationality. The 
number-word line is understood as a sequence of cardinal units, in which each 
number in turn is an independent countable unit. Learners must refer to 
conceptualization, reasoning processes and thinking behind the naming and 
defining of a number quantity of a number before placing them in the correct 
order in relation to the previous number.  
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Item 13, Item 14 and Item 15 _______         
 
 
 
 
 
Figure 4.15. Item 13 in the test design  
 
Item 13 (Figure 4.15) was also designed by collapsing other items into a single one. 
Panel members suggested testing for one bigger but also for two smaller numbers 
because, although learners often understand one bigger and/or smaller number, they 
have great difficulty understanding two bigger or smaller numbers. The next 
suggestion was that numbers where the place value changed - 199 that needs to go 
to 200, for example.  
 
 
Figure 4.16. Item 14 in the test design 
 
Item 14 (Figure 4.16), which focuses on learners’ understanding of mathematical 
language, was included to test higher order thinking (see Figure 5.1). Panel members 
suggested that the word, ‘more’, is a good term to use even though learners struggle 
with this word, better understanding the word, ‘lots’ better. According to panel 
members, language should not be used to help learners answer an item: instead, it 
should facilitate their mastery of the correct mathematical language, hence ‘lots’ 
should be replaced with ‘more’.   
 
 
Item 13: Complete  
a) What is 1 bigger than 199?   
b) What is 2 smaller than 359?  
 
 
  
 
96 
 
 
 
 
 
 
 
Figure 4.17. Item 15 in the test design  
 
Item 15 (Figure 4.17), too, was set by collapsing other items into a single one.   
a) Task description for Item 13, Item 14 and Item 15: The conceptual process 
being tested on Items 13, 14 and 15 is to describe, compare and order numbers 
using mathematical vocabulary such as smaller than, greater than, more than 
and less than. 
 
b) Concept tested on Item 13, Item 14 and Item 15: The concept being tested is 
number relation. More specifically to assess if learners know the relation of the 
order of numbers. It is being able to know what the value of a number is and 
thereafter comparing numbers with each other by using mathematical 
sentences to format a problem that needs to be solved.  
 
c) Hierarchical level for Item 13, Item 14 and Item 15: Level 5, Relationality. All 
these items are examples of level 5 as learners must in all the cases 
conceptualize the relation numbers have with each other by using concepts of 
smaller than, bigger than, before and after. If learners do not know what the 
value of a number is they cannot determine what will be smaller or greater 
numbers and what numbers come before or after numbers.  
 
 
 
 
 
 
 
 
Item 15: Complete  
a) 260 is 7 more than _________________ 
b) ________________is 50 more than 860 
c) 9 less than 198 is ___________________ 
d) _________________is 100 less than 1000 
e) ____________ is 5 less than 342 
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Item 18, Item 19, Item 20, Item 21, Item 22 and Item 23      
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.18. Item 18 to 21 in the test design 
 
Figure 4.18 includes all the items (Items 18 – 21) focusing on the assessment of the 
concept, ‘place value’. Even though all the items are based on place value and assess 
concept development at Level 3 of the Fritz-model, the panel emphasised the 
importance of assessing place value in different positions. To this purpose, they 
suggested that the numbers on Item 19, for example, be changed in such a way that 
the item would assess learners’ understanding of the value of a single number as well 
as the way this value changes if the number is placed in a different place/ position. 
More specifically panel members suggested that, using the number, 7, learners should 
ask what it place value was in 147, 714 and 471. The number digit 7 will have the 
place value of units, tens and hundreds in this example. Most of the other items were 
collapsed into one example of/for each only.   
 
 
 
 
 
Figure 4.19.  Item 22 and 23 in the test design 
 
Item 18,19, 20 & 21: Place Value 
Item 18: Show the value of this number: 
For example:  
254 = 200 + 50 +4  
a) 656 = ____________________________ 
Item 19: What is the value of the underlined number? 
a) 147 __________ 
b) 714 __________ 
c) 471 __________ 
Item 20: Write in short form: 
a) 300 + 40 + 3 = _____________ 
Item 21: Write symbols for the numbers made up of: 
a) 8 hundreds + 7 tens = 
b) 6 hundreds + 3 tens + 4 units =  
 
 
Item 22 & 23: Subtraction and 
Addition  
684 + 215 = 
956 – 384 =  
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Items 22 and 23 (Figure 4.19) were included to assess learners’ understanding of 
subtraction and addition with reference to the long method specified in the CAPS 
curriculum.  
 
a) Task description for Item 18, Item 19, Item 20, Item 21: The conceptual process 
being tested in these items are if children can distinguish what the value of 
different number symbols are within one number total. It is to test their 
knowledge of cardinality of numbers by testing their conceptual understanding 
of units, tens, hundreds and thousands.  
 
Task description for Item 22 and Item 23: The conceptual process being tested 
in these items are if children can calculate addition and subtraction sums by 
adding and subtracting numbers on the conceptual understanding that numbers 
with the same value (units, tens, hundreds and thousands) be added together.    
  
b) Concept tested on Item 18, Item 19, Item 20 and Item 21: The concept being 
tested is place value. More specifically if learners can conceptualize the 
cardinality of a specific number symbol within a total number.  
 
Concept tested on Item 22 and Item 23: The concept being tested is addition 
and subtraction of three-digit numbers. More specifically if learners understand 
how to add and subtract three-digit numbers by understanding the value of each 
symbol in the total three-digit number in order to add or subtract the correct 
numbers symbols.  
 
c) Hierarchical level for Items 18 - 23: Level 3, Cardinality and Decomposability. 
These items are all examples of a hierarchical level 3, as all the items involves 
conceptualization of the cardinality of numbers. It has to do with 
conceptualization numbers to understand what the value of each number 
symbol in a specific number is by decomposing the total number. It is 
understanding what the value of a number is in isolation to the total number 
made up by different number symbols. On Item 22 and Item 23 learners need 
to apply this knowledge to adding and subtracting of numbers to make sure the 
correct number symbols are added or subtracted from each other.   
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Item 24 and 25_______________         
 
 
 
 
 
 
 
 
 
Figure 4.20. Item 24 and 25 in the test design  
 
Items 24 and 25 (Figure 4.20) were both included as word problems. The first word 
problem in the initial test was not used as the panel felt that the use of a phrase like 
‘packets of wood’ in a word problem might confuse learners because a ‘packet’ of 
wood could contain any number of loose pieces. Instead, they recommended the use 
of an object of which the meaning was fixed and with which learners would be familiar. 
Something like ‘stones’ was suggested since what is meant by ‘one stone’ is fixed and 
cannot, therefore, be interpreted differently. They also suggested that the same name 
be used for throughout the test when referring to a person in word problems because, 
so they argued, learners get used to one character and this simplifies their reading of 
the test.   
 
a) Task description for Item 24 and Item 25: The conceptual process being tested 
in these items is if learners are capable of explaining the conceptual procedure 
of how to solve word problems in context and explain their own solution to 
problems involving addition and subtraction.  
 
b) Concept tested on Item 24 and Item 25: The concept being tested is addition 
on Item 24 and subtraction on Item 25. More specifically to assess if learners 
can contextualize a word problem by identifying the mathematical operations to 
use to be able to solve the word problem to reach the answer for the question 
stated in the word problem. 
Item 24 & 25: Addition and Subtraction word problems 
Item 24: Thabiso likes to collect stones on his way home from school. On Monday 
he collected 49. On Tuesday he collected 69. On Wednesday 28 and on 
Thursday 23. On Friday he collected 17. How many stones does he have now? 
Item 25: Thabiso has to walk 234km to get to his grandmother’s home. He has 
already walked 130km. How many kilometres does he still have to walk before 
he gets to his grandmother’s home?  
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c) Hierarchical level for Item 24 and Item 25: Level 4, Class inclusion and 
contentedness (Part – Part Whole). The children need to grasp the inclusion 
and relations of numbers. Each number in these word problems contain the 
quantity that needs to be developed according to the other numbers in the 
problem. All the numbers in the word problem become decomposable into 
different partial quantities to add all the numbers together to form one quantity. 
They need to realize that all the numbers in the word problem are imbedded 
into each other to get to the final answer in other words all the parts will give a 
whole for the end answer.  
 
Item 26, Item 27, Item 28 and Item 29 _        
 
 
 
 
 
 
Figure 4.21. Item 26 in the test design 
 
Item 26 (Figure 4.21) was one of the items that was taken from the MARKO-D SA test 
and was included to assess curriculum procedures in a different way. This is a higher 
order thinking (see Figure 5.1) item for children that are already at the Level 5 
conceptual development.   
 
 
 
 
 
 
 
 
Figure 4.22. Item 27 and 28 in the test design  
 
Item 26: Word problem involving relation of different number  
Thabiso needs to buy 45 apples for his mother. She is looking for green apples 
as well as red apples. There should be 5 more red apples than green apples. 
How many red and green apples should Thabiso buy for his mother? 
 
Item 27 & 28: Number Relationships 
Item 27: Round the number off to the nearest ten: 
a) 435 ____________________ 
b) 433_____________________ 
c) 438 ____________________ 
Item 28: What is the difference between 965 and 863? 
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Items 27 and 28 (Figure 4.22) were included to assess learners’ understanding of the 
relationship between numbers. Although this is a repetition of constructs that had 
already been tested, the panel indicated that they should be included because the 
items were phrased in a way with which children were not familiar, hence including 
these items would be a good way of assessing for learning and understanding.  
 
 
 
 
Figure 4.23. Test Item 29 in the test design 
 
Test Item 29 (Figure 4.23) initially read, “How many dolls does Nandi have more than 
Lisa?”  The panel suggested that the item should be rephrased to read, “How many 
more dolls does Nandi have than Lisa?” According to the panel, the rephrased version 
would be better understood by learners. 
  
a) Task description for Item 26: The conceptual process being tested is to 
compare and order numbers using more than, less than and the same as. In 
this item learners must be able to identify two categories (red apples and green 
apples) of apples from one total number of apples.   
 
Task description for Item 27, Item 28 and Item 29: The conceptual process 
being tested in these items are if learners can compare numbers and assess 
relations that numbers have towards each other by understanding 
mathematical language such as more than, nearest ten and difference.  
 
b) Concept tested on Item 26, Item 27, Item 28 and Item 29: The concept being 
tested is relationality of numbers. More specifically to assess if learners can 
conceptualization how numbers relate to each other by understanding the value 
of a number in isolation but also in comparison to other numbers in categories. 
This item assesses if learners can relate original numbers with new numbers 
after a change was made to the number.  
 
Item 29: Word problem involving relationships of numbers 
Nandi has 410 seeds and Lisa has 120 seeds. How many more dolls does 
Nandi have than Lisa? 
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c) Hierarchical level: Level 5, Relationality. All these items are examples of the 
hierarchical level 5, as learners must conceptualize the relation numbers have 
with each other. On Item 26 learners must comprehend the mathematical 
language - more than. If learners do not know what the value of a number is 
they cannot determine what will be more than that specific number. In this item 
learners must not only conceptualize the value of the number 45 but needs 
relate this number to two kinds of categories of apples: green apples and red 
apples. It is conceptualizing the relation of green apples to red apples by 
considering the total of the two categories together. On Item 27 learners must 
comprehend the mathematical vocabulary of rounding off to the nearest ten. If 
learners do not know what the value of a number is and what tens are as place 
value units, they cannot determine what will be the nearest ten. This is also the 
same for Item 28, if learners do not know what the mathematical term 
‘difference’ mean, they will not be able to relate number in the correct way by 
subtracting to solve the answer.  On Item 29 learners must comprehend he 
mathematical vocabulary of more than to conceptualize what relation the 
number will have towards each other.  
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Item 31, Item 32, Item 33, Item 34, Item 35, Item 36, Item 37, Item 38, Item 39, Item 40_, 
Item 41, Item 46 and Item 47 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.24. Items 31 to 35 in the test design  
 
Items 31 to 35 (Figure 4.24) were all selected by means of collapsing items and only 
testing constructs that would not have had been tested in the other items.  
 
 
 
 
 
 
 
 
 
 
 
Figure 4.25. Items 36 to 40 in the test design 
 
Item 36 – 40 Division   
Item 36 and 37: Division 
28 ÷ 4 = ___________ 
21 ÷ 3 = ____________ 
8 ÷ 3 = ___________ 
41 ÷ 10 = __________ 
Item 38: Repeated Division   
If 24 is divided by 4 and then divided by 2 again, it means that 24 has been divided by 
Item 39: Division  
135 ÷ 3 =  
Item 40 
Share 69 apples equally between 3 people. How many apples will each person get?  
Item 31 – 35 Multiplication  
Item 31: Multiplication 
a) 10 x 10 = and b) 1 x 0 = 
Item 32: Multiplication Relations  
3 x 5 = 5 x 3 
Yes No 
Is this statement correct?  
Item 33: Multiplication Relations  
4 x 5 < 4 x 9 
Yes No 
Is this statement correct?  
Item 34 and 35: Multiplication 
18 x 4 = 
34 x 5 = 
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Items 36 and 37 (Figure 4.25) were included by collapsing other items and including 
division problems selected by members of the panel.  Item 38 was included as an item 
as an experiment, to determine what grade 3 learners would do with the item, making 
it a very high order thinking item. Item 39 was included as a problem that had to be 
solved by means of the long division method as required in the curriculum. Item 40 
was included as a division word problem and because of its importance as a which, 
according to the panel, forms the foundation for rate learning in higher grades.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.26. Items 41, 46 and 47 in the test design  
 
Items 41 and 46 (Figure 4.26) were selected to balance the curriculum content 
assessed and to test constructs that had not yet been included in the other test items 
whereas Item 47 (Figure 4.26) was included as it lent itself to the testing of multiple 
money problems in a single item, thus eliminating the need for multiple money maths 
items. 
 
 
Item 41, 46 and 47 
Item 41: Money Problems  
Thabiso paid R36 for 6 breads.  
a) How much did he pay for one bread? 
_______________________________ 
b) How much would he have paid for 10 breads? 
________________________ 
Item 46: Insert the < ; > or =  
a) 2 eights ___________________ 2 quarters 
Item 47: Thabiso buys the following stationary for school: 
Pen R4, 20 
Book R22, 10 
Rubber R1, 25 
Crayons R32, 50 
a) How much does all the stationary cost? 
b) Thabiso pays with a R100 note for all the stationary 
c) How much change does  g t? 
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a) Task description for Item 31, Item 32, Item, 33, Item 34 and Item 35: The 
conceptual process being tested is if learners can solve word problems in 
context and explain own solution to problems using the operation of 
multiplication.  
 
Task description for Item 36, Item 37, Item, 38, Item 39 and Item 40: The 
conceptual process being tested is if learners can solve and explain solutions 
to practical problems that involve equal sharing and grouping.  
 
Task description for Item 41 and Item 47: The conceptual process being tested 
is if learners are able to recognize and identify South African money and its 
different values.  
 
Task description for Item 46: The conceptual process being tested is if learners 
are able to compare fractions with each other to determine which one is smaller 
and/or bigger than the other.  
 
b) Concept tested on Item 31, Item 32, Item, 33, Item 34 and Item 35: The concept 
being tested is learners’ multiplication skills. More specifically the solving of 
mathematical problems by means of multiplication. Items 32 and 33 first assess 
learners’ ability to use multiplication by giving them multiplication sums, 
following this up with a single number problem in which they have to assess the 
relation of the answers. 
 
Concept tested on Item 36, Item 37, Item, 38, Item 39 and Item 40: The concept 
being tested is division skills. More specifically the solving and explaining of 
solutions to practical problems that involve equal sharing and grouping. Items 
38 and 40, however, require more complex division strategies to solve the 
problems. On Item 38 learners must first solve the initial problem before they 
try to determine the final answer. Item 40 is a sharing problem in which 
something has to be divided equally between 3 friends. To solve this problem, 
learners need knowledge of multiplication as well as division.  
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Concept tested on Item 41 and Item 47: The concept being tested is money. 
More specifically to assess if the learners are able to solve money problems 
involving totals and change in Rands or cents. In this money problem learners 
will be assessed on money as well as on multiplication strategies.  
 
Concept tested on Item 46: The concept being tested is fractions. More 
specifically to assess if the learners can compare fractions with each other to 
determine the relation of the fractions.   
 
c) Hierarchical level for Item 35 – 40, Item 41, Item 46 and Item 47: Level 5, 
Relationality. These items are all examples of Level 5 of the Fritz-model, that 
is, the conceptual level at which children know and understand the relations 
between numbers.  This level requires their understanding/conceptualization of 
number relations, the concept they should understand is relationality or ‘number 
relations’; their ability to identify the relation between numbers indicates 
whether or not they are at this level of ‘conceptualization’ (i.e. able to make 
sense of the concept, /number relationships’. All these items require learners’ 
ability to understand cardinality in order to identify relations between numbers 
in number problems, whereas the ‘bigger as’ and ‘smaller than’ is based on 
their knowledge of fraction size, and their ability to compare a fraction with other 
fractions in a different unit.   
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Item 42, Item 43, Item 44 and Item 45________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 4.27. Items 42 to 45 in the test design  
 
Items 42 to 45 (Figure 4.27) were effectively designed by the panel. More specifically, 
these two items are the result of the panel’s ‘collapsing’ a number of items. The panel 
justified this decision by arguing that these two items were comprehensive enough to 
item test learners on all the concepts included in the original items and would thus 
indicate to teachers whether learners understood the concepts involved.  
 
a) Task description for Items 42 - 45: The conceptualization process being tested 
in these items is whether learners can use and name unitary and non-unitary 
fractions in familiar contexts - halves, quarters, eighths, thirds, sixths, fifths - 
and recognize fractions in diagrammatic form.  
 
b) Concept tested on Item 42 - 45: The concept being tested is fractions. More 
specifically whether learners know and understand what is meant by fraction 
names and whether or not they can identify fraction names from diagrammatic 
forms.  
Item 42 – 45: Fractions 
Item 42: Colour in half of the shape: 
 
Item 43: Colour in one third of the shape: 
 
Item 44: Colour in 6 tenths of the shape:  
 
Item 45: What fraction of the shape is shaded 
a)  
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c) Hierarchical level for Items 42 - 45: Level 3, Cardinality and Decomposability. 
These items are all examples of Level 3 of the Fritz-model, the level at which 
the cardinality of fractions is conceptualized. Learners who can decompose 
fractions and/or present in ways which reflect that they understand what the 
fraction’s name and/or or the diagrammatic fraction means. If learners do not 
understand these concepts, they will not be able to colour in the correct number 
of blocks or name the coloured in parts of the unit.  
 
After the selection of the 47 test items the test was piloted in two schools, where 159 
participants were assessed. They were given 90 minutes to complete the test. The 
pilot was aimed at determining grade 3 learners’ performance level and understanding 
of the curriculum.  To this purpose, the scores obtained by learner were analysed and 
interpreted as explained in the section which follows.  
 
4.2 Results: Cycle 2 
 
The scores obtained by learners who wrote the piloted test described in previous 
sections constituted the quantitative data for this study.  Incorrect answers were coded 
with the number, 0, while correct answers were coded with the number, 1. The scores 
were first entered on an excel spreadsheet. Once this had been done, the total score 
for each learner – that is, how many items s/he answered correctly, was calculated. 
The scores obtained by all the learners were then added and divided by the number 
of learners who wrote the test to determine the average score, henceforth referred to 
as the mean.  The next step was to rank the scores of all learners from the lowest to 
the highest to determine the frequency/mode, i.e. the score most frequently occurring 
in the total set of scores. The mean and mode then formed the basis for the 
determination of the standard deviation. Finally, the scores obtained for each item 
were calculated to determine how many children answered each item correctly and/or 
incorrectly. The itemized results of this process are presented arranged according to 
the conceptual levels at which the items were pitched.    
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4.2.1 Standard deviation of total scores   
 
The standard deviation is used in this study to determine how far participants’ total test 
scores deviate from the mean of the entire set of test scores (Cheusheva, 2018). More 
specifically, the standard deviation is used to determine whether participants’ scores 
reflect a high or a low deviation when compared to the average score. A high deviation, 
reflecting a wide dispersion/spread from the average score, indicates that a 
participant’s performance was either much better or much worse than the average 
score. A low deviation, reflecting a small dispersion (spread) from the average score, 
would indicate that a participant’s performance was close to the average score. The 
ideal is for the deviation to be as low as possible, indicating that participants are all 
performing on the same conceptual/competence level, and that the test design is 
relatively reliable since all the scores are closely together.  
 
Table 4.7. Results from total test scores 
Results from test scores (out of 75) 
The mean of the test scores 44.62 
The mode of the test scores  47 
The standard deviation  8.58 
 
Table 4.7 statistically reflects the results of the analysis of scores achieved by 
participants on the custom designed, curriculum-based test. The average/mean 
represents the central value of the scores obtained by the group of participants. The 
main difference between the mean and the average is in their presentation: the mean 
is presented only as the central score whereas the average is presented as a 
percentage of total scores. 
 
The average score of participants on the test was 59%. The mean score of 44.62, 
being the central score of the total population of participants, serves as a yardstick 
against which the scores obtained by individual participants can be judged. The mode 
indicates that the score obtained by most of the grade 3 research participants was 47, 
whereas the 8.58 standard deviation indicates that their scores are no more than 8.58 
marks away from the mean. As indicated in Figure 4.28 most of the scores are situated 
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around the mean, with the rest of the scores showing only a small dispersion from the 
mean.  
 
Figure 4.28. Spread of data according to mean and mode of test scores. 
 
Figure 4.28 clearly indicates that most of the test scores are situated between the 
mean and the mode. This indicates that the test scores have a low deviation, with most 
marks situated around the mean. As mentioned in Chapter 3 (paragraph 3.3.3), a low 
deviation occurs when participant scores are close to the mean and the mode. The 
spread of the data shows only a few participant scores outside the mean score, with 
only an 8.58 deviation score. This means that some participants scored eight marks 
more or eight less than the average score but, as indicated on the graph, this is a small 
deviation from the marks situated around the mean. We can therefore deduce that, to 
a certain degree, this result makes the test more valid, the test scores that participants 
are performing much the same across the board, achieving scores very close to one 
another’s other.  
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4.2.2 Summary of level performances 
 
In the following section the performance with regards to each level of the Fritz-model 
will be discussed regarding the total correct and incorrect answers participants 
achieved in each item. Conclusion will be made regarding the overall performance of 
participants on a specific level.  
 
i) Summary of Level 1 performances – The majority of participants managed to 
correctly answer item pitched at this level.  
 
 
Figure 4.29. Level 1 test items results 
 
Items 3.1, 5 and 8a, were all Level 1 items. As indicated in Figure 4.29 all the 
participants who wrote the pilot test correctly answered Items 3.1 and Item 5. It can 
therefore be concluded that all the grade 3 learners who were tested were able to 
count the amount of fish there were in the fish bowl (Item 3.1) and could complete the 
picture by connecting the dots (Item 5).  Moreover, only five of the 159 participants 
answered Item 8a incorrectly, indicating that the majority of participants can identify 
number names. 
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ii) Summary of Level 2 performances - The majority of participants managed to 
answer most of the items correctly at this level.  
  
 
Figure 4.30. Level 2 test items results 
 
Figure 4.30 reflects the results of all the items that were designed on Level 2.  On Item 
1, only three participants did not answer the item correctly, whereas 156 participants 
did, indicating that most of the learners knew how to represent numbers on a straight 
number line. On Item 2, even though it was still about the representation of numbers 
on a number line, 16 participants did not answer it correctly, 13 more than on Item 1.  
From these results it is evident that most participants could represent numbers on a 
straight number line but when the number line is curved, as on Item 2, the number of 
participants who cannot do so increases. Most participants also answered Item 12 
correctly, indicating that they knew how to arrange numbers on a mental number line 
and that, by implication, they understood what sequencing was as well as how 
numbers are related to one another. On Item 17, in which they had to identify the order 
of people in a race, there were only eight participants who could not answer the item 
correctly, indicating that most of the participants in the pilot knew how to identify 
position according to the order of people in a set.  
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As this assessment tool was designed for grade 3 learners, who are assumed to be 
functioning at levels higher than Levels 1 and 2, there were only a view items pitched 
at these two initial levels.  Most of the items were pitched at Levels 3 to 5, since the 
grade 3 curriculum includes constructs that involve the processing of concepts at these 
levels as well as a deeper understanding of mathematical procedures.  
 
iii) Summary of Level 3 performances – The majority of participants managed to 
answer items correctly at this level but did have difficulties completing Item 23 
and Item 45.  
 
 
Figure 4.31. Level 3 test item results 
 
Test results on Item 6 indicate that the majority of participants could identify number 
patterns to complete a given number sequence. What is evident from the data is that 
most participants answered the number pattern involving counting in ones correctly 
(see Item 6a), but that they struggled to count in twos and twenty-fives; more so than 
in counting in ones. On Items 7(b & e) participants performed much better on number 
patterns that required them to count in threes and fours than in number patterns of 
twos as on Item 6b. From these results it is evident that participants performed better 
when just asked to complete the number pattern, but that, as soon as a number pattern 
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was given which required them to state a rule, like on Item 6, they tended to score 
lower.  
 
Items 18 to 21 all dealt with place value, cardinal value, the decomposing of numbers 
(quantities) into different values and ways of adding these number together again. 
Most of the participants managed to answer the items correctly.  In all the items which 
included place value, only a total of nine participants answered incorrectly, which might 
be an indication that in general participants understood the cardinality and 
decomposability of numbers. They could also distinguish between the different values 
of digits in a number and were able to apply this knowledge to operations related to 
place value.  
 
Item 22 and Item 23 involved more extended or longer operational method of solving 
three-digit subtraction and addition problems. As indicated in Figure 4.31, only nine 
participants did not manage to answer Item 22 correctly, suggesting that participants 
could solve addition problems sufficiently. Item 23, however, was a subtraction 
problem in which participants had to be able to borrow from other numbers. By 
implication, they needed to understand that it was impossible to subtract a large value 
from a small one. They needed to be able to take away values and transfer to other 
values to be able to solve the subtraction problem. Only 21 participants managed to 
answer Item 23 correctly, indicating that participants struggled with these kinds of 
subtraction problems.  
 
Items 42 to 45 all involve the identification of a fraction. On Items 42 to 44 participants 
had to colour in the fraction that was given to them. As seen from the graph, most 
participants were able to correctly colour in the fraction, with only nine of them being 
unable to do so. Item 45, on the other hand, asked participants to identify the fractions 
by looking at a shape that had already been coloured and they had to name the fraction 
value that had been shaded. Only two participants were able to correctly answer this 
item correctly - 157 participants answered incorrect.  From these results it is evident 
that participants were able to colour in a fraction that had been given to them, but they 
could not do the opposite by giving a fraction name for a shape that had already been 
shaded. 
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iv) Summary of Level 4 performances – Participants experienced difficulties 
answering Items at Level 4. It is possible that they were able to correctly answer 
two items (Item 4 & Item 25) due to the inclusion of pictures that cued them on 
the operations that followed (Item 4) or the language usage in the word problem 
(Item 25) might have facilitated leaners’ understanding of the item.  Overall 
items were answered incorrectly.  
 
 
Figure 4.32. Level 4 test items results  
 
On Item 4, the majority of participants’ answers were correct, with only fifteen of them 
not being able to get the correct answer. This level 4 item is an example of the concept 
of grouping sets, with participants having to be able to form groups of five from a given 
number of flowers. As the majority of the participants were able to do this, making it 
evident that they were able to include groups of numbers from one set of objects.  
 
Participants seemed to find Item 16a more difficult, with only 21 participants being able 
to answer it correctly. This was one of the original items which had been rephrased by 
the panel, the one which they suggested should be presented in the form of the ‘house-
method’. This is where number bonds are tested in the shape of a house (see Figure 
4.9). The concept that is tested is number bonds, but learners seem to have struggled 
to answer the item in a way that was different from the way in which it had been taught 
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to them in class. At first, I thought it might have been the shape of the ‘house’ which 
distracted or confused them, but as participants also had trouble in answering Item 24 
correctly which, although asked in a different way still focuses on class inclusion, their 
poor performance might rather be attributed to a lack of conceptual understanding 
rather than to the actual presentation of the item. 
 
On Item 25, participants were able to identify the missing number, with only nine of 
them not getting the correct answer. Item 30, on the other hand, was correctly 
answered by two participants only. These results seem to indicate that learners’ 
knowledge and/or understanding of inclusion and contentedness items seem to be 
inconsistent and that the way in which the item is asked might affect the results.  
 
v) Summary of Level 5 performances - Most of the items in the assessment tool 
were pitched at Level 5 on the hierarchy of the Fritz-model. Results depicted in 
Figure 4.33 suggest that, of the 24 items that were set at Level 5, they required 
at least 42 answers. Of these 42 answers only 18 answers were correct, 
suggesting that grade 3 learners might not have the conceptual understanding 
to complete items on this level.  
 
Figure 4.33. Level 5 test item results 
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Item 7 seemed to have been a difficult item for participants to solve, with only four of 
them being able to answer the item correctly. Like Item 6, Item 7 also includes an item 
on number patterns, but the difference between this number pattern and the one on 
Item 6 is that only the sequence in which numbers are placed is tested, whereas the 
number pattern on Item 7 also involves the relationality of numbers. Indications from 
Item 7 (a & d) are that participants struggled to identify concrete patterns and to identify 
the number patterns that were not depicted as a countable unit. They therefore first 
had to determine what the pattern was before being able to calculate the missing 
number in the pattern. 
 
Other items involving patterning met with more success. Most of the participants 
answered Item 9 correctly, with only eight to ten participants not being able to do so.  
This indicates that participants are able to identify the number relation if numbers are 
presented to them. On Items 10 and 11 the majority of participants were also able to 
solve items correctly as the numbers were once again presented to them. It could 
therefore be inferred that participants were able to order numbers in a descending or 
ascending pattern when presented with the numbers, but when they had to identify the 
pattern prior to the calculation of missing numbers in a pattern (as on Items 7a & d), 
they struggled, the double operation demanded by the items seemingly being too 
difficult for them.   
 
On Item 14a most of the participants responded correctly. They were able to identify 
which row had more hearts, either by simply looking at the rows or by counting the row 
with the most objects (in this case hearts). However, on Item 14b they were not as 
successful, probably as the item required them to not just count the concrete objects 
but also to perform an abstract operation - subtracting the one row from the other – in 
order to identify the difference between the two rows. Once again, it seemed as if the 
participants struggled because they were required to perform more than one operation 
and/or if the concrete objects or numbers were not presented to them and they had to 
calculate these in a separate operation. Only two participants answered 14b correctly.  
 
The majority of the participants responded incorrectly to Item 15, which required them 
to apply their knowledge of maths vocabulary, more specifically their understanding of 
the concepts ‘more than’ or ‘less than’ (see Figure 4.17). This result indicates that the 
118 
 
participants struggled to abstractly present numbers in order for them to determine 
which number was more, or less than, the presented number. None of the participants 
responded correctly to Item 26, suggesting that they struggle with the relationality of 
numbers when there is more than one variable involved. On Item 26 they not only had 
to determine the relation between numbers but also the relation of numbers according 
to colours. Item 27 was answered correctly by most of the participants, indicating that 
they had mastered the ability to round off numbers, upwards as well as downwards   
 
Items 28 and 30 were also answered incorrectly by all the participants, suggesting that 
word problems involving relations of numbers (Item 28), as well as word problems in 
which the relationship between numbers are presented in a sentence rather than just 
in numbers (Item 30) seem to be difficult for participants.  
 
Item 31 was answered correctly by the majority of participants, with only nine of them 
not being able to get the correct answers. This seems to indicate that participating 
learners were able to answer simple multiplication sums.  
 
Items 32 and 33 seemed to be a bit more challenging to participants, with 24 to 29 of 
them respectively not being able to correctly answer the items. They seemed to have 
struggled with these items because they were expected to first solve the multiplication 
sums and then to identify relations based on their calculations. These results once 
again indicate that these participants struggled more when there was more than one 
operation involved in finding the answer in an item. 
 
Items 34 and 35, in which participants had to use the ‘column method’ strategy of 
multiplication, were also difficult for participants to solve using. It seems that when 
multiplying children tend to struggle with two-digit numbers.  
 
Item 36 was answered correctly by the majority of participants, with 25 participants not 
being able to get the correct answer. Comparing Item 36 and Item 31 results it is 
evident that more participants could correctly solve the multiplication problems, than 
the division problems. Item 37, on the other hand involved division problems with a 
remainder and in this item only two participants could correctly solve the problem. It 
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seems, therefore, as if participants experienced difficulties with the division of numbers 
that have remainders.  
 
Item 38 was answered correctly by 18 participants only. This item was added by the 
panel with the aim of testing learners’ understanding at a higher order of thinking (see 
Figure 5.1). The item asked participants to first calculate what 24 divided by four is, 
then to divide the answer by two again. It was quite impressive that 18 participants got 
the answer correct since the item involved more than one answer and it required 
participants not only to relate numbers but also to relate answers with one another.  
 
Item 39 was not answered correctly by any of the participants, indicating that the grade 
3 participants did not yet understand how to solve division problems involving three-
digit numbers and/or how to use the ‘column method’ strategy suggested in the CAPS 
document (DoE, 2012).  
 
Item 40 was correctly answered by 104 participants, indicating that the majority of 
participants understood word problems involving division operations but that many of 
them still struggled to do so. Item 41a and Item 41b was done correctly by two 
participants only. On Item 47, only four participants correctly answered Item 47b and 
none of them were able to answer Item 47a correctly. The number of incorrect answers 
on Item 41 and Item 47 suggest that most of the grade 3 participants struggled to solve 
concepts of money. Item 46 was only answered correctly by one participant suggesting 
that grade 3 learners could not compare the values of fractions by referring to the 
fraction name.  
 
4.3 Conclusion 
 
In this chapter, I presented the data obtained from the two cycles constituting my 
investigation. The data collected during the first cycle were analysed by identifying 
codes from the transcriptions of the discussion with the panel of experts. These codes 
were then collapsed into categories and themes were abstracted. The themes 
represented the criteria which the panel used to select and discard items from the 
potential 92 items. The final 47 test items were then presented and discussed. I then 
discussed the results from the data collected in Cycle 2. The analysis of Cycle 2 data 
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involved the analysis of the scores of the participants on 47 test items of the 
assessment tool. The findings emerging from this analysis are presented and 
discussed in the next chapter. I also present the limitations of and recommendations 
ensuing from the study in the next chapter.  
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CHAPTER 5 
FINDINGS AND CONCLUSION 
 
The focus of this study was to explore the utility validity of a custom designed, 
curriculum-based test/assessment tool that is grounded in grade 3 learners’ 
conceptual understanding of their Mathematics curriculum. I specifically wanted to see 
if I could develop a mathematical assessment tool that tested learners’ mathematical 
abilities, according to the specified curriculum for their age and grade (National 
Research Council, 2006b), not only with the purpose of attaining scores but also to 
understand their way of thinking and processing of curricula concepts. Carey (2009, 
p.12) suggests that all learners have “an innate mathematical ability and that this ability 
will develop through their lives as many representational capacities arise from 
maturational processes.” In this study I wanted to evaluate learners’ performance by 
assessing their mathematical abilities on curriculum concepts which are specific to 
their typical level of maturation in grade 3. This design-based research study (Reeves, 
2006) first described the processes involved in the development of an assessment tool 
and then grade 3 learners’ results on this custom designed test.  
 
The data for this study were generated and analysed, and findings ensued, in a four- 
step DBR process with iterative cycles (Reeves, 2006). In the previous chapter, the 
results of the study were presented. In this chapter, I discuss these results with 
reference to reviewed literature as well as the findings of the two cycles of the study 
in terms of literature. The findings are thus discussed in the same way as the data 
analysis and presentation of results in Chapter 4. I also deliberate on the limitations of 
the study and offer recommendations for possible further research on this issue. I 
conclude the chapter with a summary of the study.  
 
5.1 Cycle 1: Discussion of Findings  
 
In Chapter 4 (see paragraph 4.1), the process involved in the analysis of qualitative 
data was discussed. The discussion with the panel was transcribed, coded and 
categorized to identify themes (Henning et al, 2004). These themes, thematically, 
informed the development of criteria (a yard stick or measuring device) which is 
suggested to be used when an assessment tool is designed.  This thematically derived 
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criteria could serve as a guide to test developers in the evaluation of potential test 
items and the selection of items to be included in the eventual assessment tool 
(Edelson, 2002; McKenney & Reeves, 2013; Wang & Hannafin, 2005). The following 
thematically derived criteria informed the selection and necessary adjustments to the 
test items which were included in my assessment tool for learning: 
 
1. Mathematics vocabulary and language: A test developer should take careful 
consideration of language in a test by using the appropriate mathematical 
vocabulary for the content area being assessed.  
2. Conceptual Knowledge: To ensure that items test for learning (AfL), test 
developers should design items in ways that take into account the conceptual 
ways in which children make children make sense of mathematics. 
3. Curriculum Inclusion: A test developer should use the correct number range by 
structuring items in a way that challenges learners’ application of curriculum 
knowledge.  
4. Concept Inclusion: A test developer should include concepts purposefully, in 
familiar contexts that enable learners to apply knowledge of the concept to any 
given item to show their understanding. 
5. Test - design aim: A test developer should have a specific aim in mind before 
s/he develops a test, including items on procedural as well as theoretical 
knowledge. 
 
5.1.1 A test developer should take careful consideration of language in a test 
by using the appropriate mathematical vocabulary for the content area being 
assessed. 
 
This finding indicated that mathematical language and vocabulary should be an 
important consideration in the design of items for an assessment tool.  Language 
refers to (1) the way in which a question is structured and asked – thus the clarity and 
syntax, and (2) the meaning conveyed in words – thus mathematics vocabulary.  
According to Cohen & Dowker (2015, p.489) children should acquire language that 
can serve as a tool for them to understand information which, in turn, would help them 
to develop mathematics proficiency. This is further confirmed by Klibanoff, Levine, 
Huttenlocher, Vasilyeva & Hedges (2006), who suggest that the language input 
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children receive will determine the mathematical vocabulary they learn, and that this 
mathematical vocabulary will affect their conceptual development of mathematics. 
Children must understand what the mathematical term means for them to 
conceptualize which procedure/s they need to follow to solve the mathematical 
problem concerned (Spelke, 2012). If they do not, for example, understand what the 
term, ‘altogether’, means, they will not know to use addition or multiplication to solve 
the problem. From this finding, derived from the discussion with the panel and my 
review of literature, it is clear that a test developer should consider the importance of 
mathematical vocabulary to develop mathematical skills and to enable learners to 
conceptualize mathematical concepts and procedures. 
 
According to Benson & Kosonen (2013), who argues that, while it is impossible to 
eliminate  language from a test, test developers should, when developing new 
instruments or revising existing instruments, make allowances for cultural differences 
by adjusting the test items to  ensure that  they match the culture in which the test will 
be administered (Van de Vijver & Rothmann, 2004; Foxcroft 1997; Benson, 2004), 
only then can the validity of a test used in multi-cultural groups be assured. This insight 
was also attained during the course of my interaction with the panel, who suggested 
that language used in a test design is suited to and understood by all learners, 
regardless of differences in their cultures (Farrugia, 2016). Learners should thus 
understand the context in which the question is asked (Henning & Ragpot, 2015).  
 
With these criteria in mind, most of the original questions that were adapted by the 
panel were rephrased to ensure that the action required of the child was clear and 
precisely stated. Put differently, test developers should make sure that the correct 
mathematical vocabulary is used when they develop test items (Langhorst, Ehlert & 
Fritz, 2013), and should ensure that the language used in word problems and 
questions take into consideration the possible cultural backgrounds of the test 
participants.  Both vocabulary and language should be used in a context and structure 
that children clearly understand, and which enables them to conceptualize the action 
they should take to solve the item (Langhorst, Ehlert & Fritz, 2013; Henning & Ragpot, 
2015 & Farrugia, 2016).  
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5.1.2 To ensure that items test for learning (AfL), test developers should      
design items in ways that take into account the conceptual ways in which 
children make children make sense of mathematics. 
 
The panel believed that before teachers assess children, they ought to understand 
how children conceptualise mathematical concepts. Thus, it is important for a teacher 
to know how learners think mathematically, not only with reference to the processes 
of the brain but also to the ways in which they process information (Heritage, 2010). 
This finding suggests that teachers and/or test developers should have a fair 
understanding of the origin and development of children’s mathematical concepts, as 
this will assist them in their pedagogy (Gibbs & Simpson, 2004).  Van der Bergh 
(2018), too, found that teachers’ knowledge of mathematical cognition had an 
influence on their classroom pedagogy and, by implication, on children’s maths 
learning. Therefore, if test items are developed to assess for learning, they should be 
grounded in knowledge of how learners make sense of mathematics. Hinton, Fischer 
and Glennon (2012) emphasise the importance of understanding how the brain of a 
student functions to be able to adapt teaching and assessment with the aim (see 
paragraph 2.5) of conceptual learning taking place. In Chapter 2 (see paragraph 2.1) 
I suggest that teachers should strive for assessment for learning (AfL) (Harrison, 
2015), as this type of assessment focusses on children’s learning. When teachers 
know what level of children’s mathematical conceptual knowledge they want to 
assess, it is easier to identify the concept they need to assess from curriculum 
outcomes (Harrison, 2015). They can, however, only do this if they are well versed in 
how children learn and develop maths conceptually. 
 
5.1.3 A test developer should use the correct number range by structuring 
items in a way that challenges learners’ application of curriculum knowledge.  
 
The level of difficulty in test items should be an important consideration in the 
development of an assessment tool which focuses on assessment for learning (AfL). 
The test should ideally include items which assess a range of curriculum concepts 
which range from lower to higher order levels of thinking. Benjamin Bloom, an 
educational psychologist, developed a taxonomy that explained levels of thinking skills 
in terms of learning objectives (Krathwohl, 2002, p.214). The thinking skills Bloom 
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(Bloom, Engelhart, Furst, Hil & Krathwohl, 1956) identified could be divided into lower 
and higher order thinking skills. Figure 5.1 illustrates Bloom’s Taxonomy of thinking 
skills at lower and higher order levels.  Higher order thinking skills are reflected by the 
top three levels in Bloom’s Taxonomy, namely analyzing, evaluating, and creating 
(Bloom et al.,1956). Lower-order thinking skills are reflected by the lower three levels 
- remembering, understanding, and applying (Bloom et al., 1956).   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1. Bloom’s Taxonomy - Lower and Higher Order Thinking (Bloom et al., 
1956) 
 
Anderson & Krathwohl (2001, p.105) states that Bloom’s taxonomy is “a one-
dimensional cumulative hierarchy, in which the accomplishment at each lower level is 
considered essential to move up to the next level.” Amer (2006) also suggested the 
incorporation of questions in a test that are set in accordance with all the levels to 
make sure that various levels of thinking are assessed. All items should thus not be 
easy for children to complete: some should require them to think by using higher order 
thinking skills to apply their knowledge of a concept. These insights from the panel of 
experts are in line with the CAPS curriculum (see paragraph 2.1), which stipulates that 
assessment should “help to develop mental processes that enhance logical and critical 
thinking, accuracy and problem-solving that will contribute to decision-making” (DBE, 
2012, p.8). Items should thus place a certain cognitive demand on learners, especially 
in terms of their logical approach to the steps involved in the solving of maths problem 
(Bloom et al., 1956). 
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5.1.4 A test developer should include concepts purposefully, in familiar 
contexts that enable learners to apply knowledge of the concept to any given 
item to show their understanding. 
 
The number range in the CAPS document for grade 3 learners is 0 to 1000 (DoE, 
2011), thus all the number items included in a test should be appropriate to the grade 
being tested. By implication, items should be set by not only using one- or two-digit 
numbers but also three-digit numbers up to 1000. Items should, moreover, incorporate 
different thinking skills reflecting higher as well as lower order cognitive levels. Test 
developers should include a variety of test items that not only test what learners 
remember (lower order thinking) but also their ability to evaluate and creatively apply 
their own solutions (higher order thinking skills) (Bloom et al., 1956). A test developer 
should include constructs purposefully, in familiar contexts that enable learners to 
apply knowledge of the construct in any given question to show their understanding 
(Gibbs & Simpson, 2004). 
 
During the identification of codes from the transcription, there were numerous 
comments made by the panel on the importance of purposeful selection of test items. 
The finding suggested that an assessment tool should be planned by a test developer 
by purposefully selecting and including test items to test specific mathematical aims 
and content of the curriculum (National Research Council, 2006b). As discussed in 
Chapter 2 (see paragraph 2.2.2), the CAPS document specifies that assessment must 
be “a planned process” in which “various forms of assessment” are used (DoE, 2011, 
p.485). Insights derived from the panel and the CAPS document (DoE, 2011) 
convinced me that each test item should serve the purpose of testing a specific 
concepts and level of understanding. A teacher cannot just assess random concepts; 
s/he needs to purposefully and systematically include test items that test curriculum 
concepts that were taught as well as items that assess learners’ conceptual 
understanding of the specific concept being tested. Jones (2005) summarize these 
insights in their comment that that assessment must lend itself to the testing of 
objectives (curriculum), knowledge (understanding) and instruction (teaching). 
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Reflected in this finding is the notion that learners should be able to apply their 
knowledge of a construct no matter how the question is presented to them (Carey, 
2009). To this purpose, test developers should therefore include test items that test 
the construct as it was taught in class but also include a new problem, the solution of 
which requires learners to evaluate and apply the knowledge and skills they were 
taught in the classroom, thus demonstrating their own understanding / 
conceptualization of the concepts involved. The CAPS document also suggests (see 
paragraph 2.2.2) that concepts should be tested by using “various forms of 
assessment” (DoE, 2011, p.485). In other words, children should not be assessed in 
the same way all the time but in different ways (Harrison, 2015) which would enable 
them to apply their knowledge to various mathematical problems. This varied 
application of learning content could imply a form of ‘bootstrapping’ (Carey, 2009), with 
the child being able to apply a newly acquired concept in different ways in various 
maths operations.  This finding suggests that if learners understand a construct they 
will be able to apply their knowledge of the construct to any question even if the 
question is structured differently (Carey,2009). This finding suggests a guideline for 
test developers to include test items purposefully that allow learners to apply 
knowledge of constructs to show their understanding. 
 
5.1.5 A test developer should have a specific aim in mind before s/he develops 
a test, including items on procedural as well as theoretical knowledge. 
  
During the identification of codes from the transcription, numerous comments made 
by the panel of experts emphasized the importance of considering an overall aim for 
an assessment tool (Jones, 2005). To this purpose, it is suggested that test developers 
use an overall matrix or structure against which they can evaluate themselves (Suskie, 
2009) to ensure that the test items are designed according to the aim identified. The 
panel of experts therefore suggested that there needs to be a clear guideline to use 
when setting items before test items are set. Each item has to be set in accordance 
with this matrix to make sure the overall aim of the assessment tool is achieved. In the 
next section of this chapter findings related to Cycle 2 of the research analysis are 
discussed by referring to the quantitative data that was gathered from the pilot test 
results.  
 
128 
 
Cycle 2: Discussion of Findings 
 
In Chapter 4 (see paragraph 4.2), the process followed in the analysis of quantitative 
data was discussed. The quantitative data in this study was attained by scoring 
learners’ performance on the pilot test. Appendix G can be reviewed to see how the 
results were scored. In short, the scores were used to calculate the mean and modus 
of learner results and to determine the standard deviation from these. This was done 
in order to determine the validity of the assessment tool. The scores of all the items 
were then placed on a graph to assess the level of conceptual development as a set 
as depicted on the Fritz-model.  In this section of the chapter findings related to the 
standard deviation as well as those for each level are discussed by referring to all 
items at a specific level.  
 
The statistics used in this study to describe the spread of the test scores is standard 
deviation. In Figure 4.28 (see Chapter 4) each learners’ results are were spread out in 
terms of the score s/he attained for the test. The standard deviation in this study 
showed that the difference between a learner’s score and the mean score were not 
far from each other. Figure 4.28 indicates that only eleven learners scores fell outside 
the norm of the results, indicating that there was a low deviation of test scores, as the 
difference between the values of learners’ scores, the mean and the modus is small. 
This suggests that the test could be regarded as valid: the minimal deviation suggests 
that the test items were aligned to and reflected the overall aim (Shamoo, Resnik, 
2003). Figure 4.28 also indicates that there were two learners who were functioning at 
a higher level of thinking than the norm/average for grade 3 learners and that there 
are nine learners who functioned below this norm.  In other words, these nine learners 
seem to have difficulties with mathematics.  
 
The range of the data is 58, indicating that the difference between the top and lowest 
scores is 58 marks. The 58-mark difference between the maximum mark and the 
minimum mark, indicates that there are learners who are performing well in grade 3 
Mathematics as subject but that there are also learners who really struggle with 
Mathematics.  
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Statistically, the average grade 3 learner performed in a low deviation to the mean and 
modus, which suggests that the test be valid:  its testing what is set out to test. The 
mean of the test results indicates that 44.62 is the average score of the grade 3 
learners involved in the piloting of the test and that the average percentage for this 
mean is 59%. This suggests that on average these grade 3 learners were able to solve 
59% of the items included in the assessment tool. The modus score was 47, which 
suggests that the score attained most frequently by most of the learners was 47. As 
this also indicates that the standard deviation is very low - the mean and modus scores 
being very close together, with only three marks difference between them.  
 
Figure 4.29 (see paragraph 4.2) indicates that the majority of the participants were 
able to get all the level one items correct, with only five participants answering Item 8 
incorrectly. This finding suggests that these grade 3 learners have all developed the 
conceptual ability specified at the Level 1 of Fritz’ hierarchical conceptual development   
model. These grade 3 learners can therefore count and understand the relationship 
between number words as representations of number and as counting tools. They can 
see that the number name they are using represents the number after the previous 
number as well as the number before the next number, thus enabling them to 
represent the number on a mental number line and indicating that they are ready to 
move to the next level (Fritz & Ricken, 2008).  
 
Figure 4.30 (see paragraph 4.2) indicates that the majority of these grade 3 learners 
were able to correctly complete Level 2 items, with only sixteen of them getting the 
incorrect answer. By implication, the majority of these grade 3 learners have 
developed the conceptual ability represented at Level 2 on the Fritz-model hierarchy. 
They are therefore able to represent numbers on a mental number line and, because 
they can represent numbers in an ordinal increasing manner on a number-line 
representation (Fritz & Ricken, 2008), it can be inferred that a conceptual change has 
taken place in all of them.   
 
Figure 4.31 (see paragraph 4.2) indicates that the grade 3 learners who participated 
in the pilot study got the majority of items at Level 3 correct. Items 23 and 45 were 
exceptions, as almost all the participants answered these items incorrectly. Item 23 
was a subtraction problem, suggesting that that grade 3 learners struggle with 
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subtraction problems in which they are expected to borrow from other numbers. It 
could, therefore be concluded that subtraction problems pose a problem for them.   
Item 45 is a fraction problem: learners had to name the fraction shaded in the form of 
shape. It could, therefore be inferred that they experienced difficulties in the naming 
of fractions and/or symbols. As these were the only two items with which they really 
seemed to struggle it could be concluded that these grade 3 learners were probably 
at Level 3 of the hierarchical conceptual levels in the Fritz-model.  
 
The results of the pilot test also indicate that participating learners understood that the 
last number mentioned in the word list as objects are being counted, refers to the 
quantity of the set of objects (Fritz & Ricken, 2008). They also understood the 
cardinality of a number and were able to decompose numbers in terms of the values 
attached to them. They did, however, have difficulties with the operations involved in 
the solving of three-digit subtraction sums, but this could be because they did not 
understand how to take a value from one number and add it to another number.  
 
Figure 4.32 (see paragraph 4.2) indicates that, of the five items designed at Level 4, 
participants only managed to correctly answer two – Items 4 and 25. Item 4 asked 
them to form groups of the flowers presented whereas Item 25 asked them to find a 
missing number by giving them the total and one other number. These two items were 
structured at a low order thinking level and in the same way as participants are used 
to according to classroom instruction.  
 
Items 16, 24 and 30 have all been structured in a way with which participants were not 
familiar. It could therefore be inferred that when learners are asked higher order 
thinking questions at Level 4, or when they are expected to apply knowledge in a 
different way than that in which they were taught, they struggle to apply their 
knowledge of the constructs. This could be because they do not really understand the 
construct being tested; they only remember the procedure they learnt in class, or it 
could be that they do not understand that numbers are compositions and 
decompositions of other numbers, with each number forming part of another (Fritz & 
Ricken, 2008). 
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Figure 4.33 (see paragraph 4.2) indicates that the majority of items in the assessment 
tool were set at what is regarded as Level 5 in the Fritz-model. As the MARKO-D SA 
was designed for learners up to the age of eight, it is assumed that grade 3 learners, 
most of whom are already nine, should, as far as Mathematics is concerned, be 
conceptually functioning at Level 5, hence the setting of the majority of items at level 
5. Results on this figure suggest that, of the 24 items that were set at Level 5, 42 
questions were combined.  Of these 42 questions, only 18 were answered correctly, 
with the majority of participants answering 23 incorrectly. Moreover, half of the 
participants answered Item 40 correctly, while the other half did not. This suggests 
that some of the participants still did not understand the number-word line as a 
sequence of cardinal units in which each number in turn is an independent countable 
unit (Fritz & Ricken, 2008). Consequently, they learners cannot refer to abstract units 
and quantities: they still need to count concrete objects (Fritz & Ricken, 2008). Nor 
can they represent exact spaces between numbers or understand the place value of 
numbers (Fritz & Ricken, 2008). 
 
In conclusion it could be said that participating grade 3 learners had a good conceptual 
understanding of mathematical constructs at the level 3 hierarchical level of the Fritz-
model:  they seemed to understand all the concepts at these levels and could 
accurately apply their knowledge from level 1 to level 3 to the mathematical constructs 
being tested. They were able to see that the number name they were using 
represented the number after the previous number as well as the number before the 
next number hence they could represent the number on a mental number line, 
indicating that they were moving to the next level (Fritz & Ricken, 2008) of conceptual 
development. They were also able to represent numbers in an increasing ordinal 
manner on a number-line representation (Fritz & Ricken, 2008). They understood that 
the last number mentioned in a word list as objects are being counted, refers to the 
quantity of the set of objects (Fritz & Ricken, 2008).  
 
Contrarily, it can be concluded that these learners could not compose or decompose 
numbers, with each number forming part of another number and did not understand 
the number-word line as a sequence of cardinal units (Fritz & Ricken, 2008). These 
conclusions are based on the performance of learners in respect of items pitched at 
Levels l 4 and 5 in the assessment tool. This finding suggests that these grade 3 
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learners struggle to understand mathematical constructs at these two levels. 
Instruction needs to be informed by this finding, which suggest the need to re-teach 
concepts at Level 3, thus taking learners from where they are in terms of their current 
understanding and building on their existing level, taking them to where they should 
be   in terms of the hierarchical levels of the Fritz-model.   
 
5.3 Limitations of this study 
 
This study investigated how learners might perform on a custom designed, curriculum-
based test that used curriculum content as well as a model of cognitive theories in it 
test design. In this assessment tool learners were not only being tested on curriculum 
concepts but also on hierarchical levels of conceptual development according to the 
Fritz-model of young children’s mathematical conceptual development. Even though 
the assessment tool went through two cycles of revision as stipulated in designed-
based research (see paragraph 3.2), one of the limitations of this study was not being 
able to include another cycle. A third iterative cycle could have assisted in further 
revising items from the insights gained from the test scores. These revised items could 
also have been used for another pilot study to assess the items again, thus enhancing 
the validity of more items in the assessment tool. As the main aim of this study was to 
design an assessment tool to test for learning, one which was embedded in both 
curriculum and conceptual developmental theories of how children acquire 
mathematical knowledge, another cycle of refinement of items and testing with the 
same group of children, would have gone beyond the scope of this study. However, if 
this were done, it could have produced a more refined assessment tool. 
 
Another limitation is that I could have used Rasch modelling to assess the children’s 
results on the assessment tool. As the test was based on a theoretical model, utilizing 
Rasch modelling could have given me more statistically sound indications of which 
items fitted the intention of the test and which did not. Rasch modelling the results 
could have thus statistically validated   items which tested what they were intended to 
and indicated which ones did not. However, as the main aim of the study was not to 
determine the results of the test items or to determine which of the test items best 
fitted the test design, but rather to develop an initial tool which could be further refined 
in future studies, I did not include a Rasch analysis of the results. I do, however, 
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recommend that future studies with a larger sample should   include a Rasch analysis 
of the test results.   
 
5.4 Recommendations for future studies 
 
In this study, I investigated the utility validity of an assessment tool that tested for 
learning by designing an assessment tool on curriculum concepts but according to the 
framework of the Fritz-model of the hierarchical developmental stages of young 
children’s cognitive development of mathematics. As one of the most underachieving 
countries internationally in terms of school children’s mathematics results (see 
Chapter 1, paragraph 1.1), South Africa needs to place more emphasis not only on 
the way teachers assess learners, but also on the purpose of assessments. Future 
studies could therefore possibly explore the development of similar assessment tools 
that test for conceptual developmental in tandem with the South African mathematics 
curriculum.  
 
As this study only focused on developing an assessment for learning that was based 
on one content area - Numbers, Operations and Relationships – I would suggest that 
my tool   be used as a model to develop similar assessment tools for other content 
areas in the grade 3 Mathematics curriculum.  The criteria developed from the panel 
discussion, which were presented in results (see paragraph 4.1.1) and discussed in 
paragraph 5.1, could be useful in the development of these future assessment tools.  
 
Another recommendation is that the study could be continued by means of a further 
iterative cycle, presenting the test items to another panel of experts and then testing 
the refined test items with a bigger sample. The results of the bigger sample could 
then be analysed by means of Rasch modelling to ascertain whether or not it was a 
good fit, according to the theoretical model. The results could then give a more 
comprehensive representation of learners’ abilities as all the items in the test would 
be seen as statistically valid.  
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5.5 Overview of the whole study: from the first ideas to the final findings 
 
As indicated in Chapter 2 (see paragraph 2.2.2), the CAPS curriculum statement does 
not sufficiently emphasise the importance of assessment for learning.   More emphasis 
is placed on assessing with the purpose of recording and scoring learners, hence 
assessment is seen as an entity on its own rather than as a continuous cycle 
throughout the academic year. Assessment tools are designed at random and do not 
show continuation from one content area to the next (Martone & Sireci, 2009). 
Assessment forms a very important part of the education system since, as Harrison 
(2015) argues, it should inform the teacher of what learning has taken place and where 
future learning should be aimed at.   
 
Assessment tools like the ANAs that were used in South Africa served little purpose 
in terms of assessing learners’ conceptual levels of mathematical development (see 
paragraph 2.2.4). As a curriculum-based test it only focused on testing their ability to 
respond correctly to procedural knowledge as taught in the curriculum. The ANAs also 
did not show in-depth assessment of skills (see paragraph 2.2.4) but was rather a 
superficial “skimming’ of what the learner knew and did not know. As argued in Chapter 
2 (see paragraph 2.2.4) this type of assessment tool is of little use to the educator – 
apart from enabling him/her to collect scores on overall performance for a score card.  
 
The real aim of assessment should rather be to determine what learners have learnt 
(Harrison, 2015) and point out specific knowledge and skills that are lacking and need 
remediation. I thus identified a dire need for an assessment tool that could assess for 
learning and give the teacher a comprehensive picture of the child’s knowledge and 
where understanding is still lacking. To fulfil this need, an assessment tool should be 
developed not only from curricular outcomes; it should also take into consideration the 
child’s conceptual level of understanding of mathematics.  
 
I started my quest for such an assessment tool, but first investigating whether there 
were not perhaps such tests available. Firstly, I wanted to determine what we already 
know about children’s development of mathematical concepts. I reviewed literature 
from cognitive psychology and neuroscience to determine how learners make sense 
of mathematical concepts and how their brains function to determine how learning 
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takes place. Leading researchers’ work (Spelke, 2012; Butterworth, 1999; Dehaene, 
2011; Feigenson, Carey, Spelke, 2002; Wynn, 1990) was revised to see how young 
children develop mathematical skills and knowledge. During the course of this part of 
my investigation, I came across a theoretical model which had been developed tot 
shows how children develop mathematical concepts hierarchically. This model, called 
the Fritz-model, after the leading researcher (Fritz & Ricken, 2008), gave me workable 
model which could be used in tandem to curriculum outcomes of the grade 3 
Mathematics curriculum.  
 
The Fritz-model had further been operationalised in a test, the MARKO-D, its original 
German format having been translated and normed for the South African population 
(MARKO-D SA, Henning, Balzer, Ragpot, Herholdt, Elert & Fritz, 2018). This test was 
very useful as it did not only give me examples of possible test items which I could use 
as a template, but it was also based on the Fritz-model. I therefore knew it was 
theoretically sound. I now had something that I could work from to design my test.  
 
As explained in Chapter 3 (see paragraph 3.1.2), DBR proved to be a suitable design 
for this study and, more specifically, the DBR process developed by Reeves (2006) 
could be utilised as a blueprint on which I could further build this study’s design. In the 
end the study followed the four steps of DBR as suggested by Reeves (see paragraph 
3.1.2), but I also zoomed in on the 3rd step of the process, by presenting two iterative 
cycles of the empirical work, where data were collected and analysed.  In Cycle 1 of 
this study, data were collected by means of setting an assessment tool and discussing 
the items with a panel of experts to include test items that were refined by experts 
advise in the fields of education and cognitive psychology. 92 potential test items were 
set utilising the curriculum outcomes of the maths content area Numbers, Operations 
and Relationships. Each item was set according to a concept in the curriculum, but 
also on a level of the Fritz-model, thus assessing the learners’ level of mathematical 
conceptual development. A panel of experts scrutinised the 92 initial test items and 
selected a total of 47 test items, which was then included in the assessment tool.   
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The thematically derived criteria that emerged from the data analysis of the panel 
discussion showed the following reasons why test items were included or discarded 
and, in some instances, changed:  
i) A test developer should take careful consideration of language in a test by using 
the appropriate mathematical vocabulary for the content area being assessed.  
ii) To ensure that items test for learning (AfL), test developers should design items 
in ways that take into account the conceptual ways in which children make 
children make sense of mathematics. 
iii) A test developer should use the correct number range by structuring items in a 
way that challenges learners’ application of curriculum knowledge.  
iv) A test developer should include concepts purposefully, in familiar contexts that 
enable learners to apply knowledge of the concept to any given item to show 
their understanding. 
v) A test developer should have a specific aim in mind before s/he develops a test, 
including items on procedural as well as theoretical knowledge. 
 
During Cycle 2 of the empirical work of the study the test was piloted with 159 grade 
3 learners. Results were analysed, not only according to the scores of learners but 
also according to the suitability of the hierarchical levels of the Fritz-model. Findings 
show that grade 3 participants have a good conceptual understanding of mathematical 
constructs on level 3 of the hierarchical Fritz-model. Grade 3 learners were able to 
solve problems on levels 1 to 3 of the model for mathematical constructs being tested. 
They could see that the number name they are naming represents the number after 
the previous number as well as the number before the next number name they start 
can represent the number on a mental number line and moves to the next level (Fritz 
& Ricken, 2008). They were also able to represent numbers in an ordinal increasing 
manner on a number-line representation (Fritz & Ricken, 2008). They could 
furthermore understand that the last number mentioned in the word list as objects are 
being count, referred to the quantity of the set of objects (Fritz & Ricken, 2008). 
However, the participants struggled with items on levels 4 and 5. As much of the grade 
3 curriculum is focused on level 4 and 5 conceptual understanding, my findings show 
that the curriculum should be adapted. Or at the least pedagogy should be revised for 
more simplified teaching of level 4 and 5 type concepts in the curriculum.  
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In my opinion, teachers in South Africa do not understand the real importance of 
assessment and do not have proper knowledge of how to assess learners. I also 
believe that teachers do not set assessment tools with the purpose of testing for 
learning by purposefully selecting items; rather, they randomly select items because 
they do not have adequate knowledge of assessment. More in-depth teaching of 
assessment for learning should, according to me, form part of pre-service teacher 
education training. I also think that teachers may be familiar with the curriculum 
concepts that need to be taught to learners, but do not have enough knowledge of 
how learners make sense of these concepts and how best they will learn these 
concepts. This greatly influences their ability to remediate gaps in learners’ 
understanding.  
 
5.6 Conclusion 
 
In this chapter I reported on the findings of this study. I reported on the reasoning 
behind the inclusion of the 47-test items according to the panel discussion. Then 
findings emerging presented from the initial piloting of the test with 159 participants 
were presented. I then deliberated on the limitations of the study and mentioned 
possible recommendations which could ensue from the study. I concluded the chapter 
with a summary of the study.  
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APPENDIX B2: PANEL OF EXPERTS PERMISSION LETTER 
 
FACULTY OF EDUCATION 
 B.E.d Foundation Phase programme 
                         18 March 2015 
Dear Panel Member, 
RE: PANEL MEMBER- REQUEST TO PARTICIPATE IN STUDY AND PERMISSION TO 
VOICE RECORD DISCUSSION  
 
My name is Ulana Brits. I am currently a student at the University of Johannesburg; enrolled 
for a master’s degree. The title of my study is “The utility validity of a custom designed, 
curriculum-based test.” Part of this study includes an open- ended discussion with a panel of 
experts, to assess test items that would be used to assess grade 3 learners results on an 
assessment tool that aims at testing for learning. A request is hereby directed you, as a field 
experts, to participate in the study and permission is asked to voice record the discussion for 
transcription purposes.  
 
The discussion will be conducted at the University of Johannesburg and will take place during 
the month of April 2015. Your assistance is highly appreciated in this regard. Your participation 
in this research process is voluntary and you may choose to withdraw from this process at any 
given time. If you choose to not participate or withdraw from the research process, there will 
be no penalty. For anonymity and confidentiality, your name will not be mentioned throughout 
the data collection or analysis process neither during the findings of the study. Pseudonyms 
will be used in the writing of the final assessment tool. The collected data will be for this study 
only, and apart from me, only the lecturer will have access to the data. She will treat this 
information as highly confidential. Should you so require, I will share the findings with you once 
my study has been completed.  
 
Should you have any questions or enquiries about this case study, please do not hesitate to 
contact me or my lecturer, Prof. Lara Ragpot (Number available from administration office at 
the University of Johannesburg). 
 
Thank you in advance. 
Yours sincerely, 
 
__________________________ (student signature) 
Ulana Brits 
Remedial Teacher  
--------------------------------------------------------------------------------------------------------------------------- 
 
I, _____________________ (panel member name), hereby accept the request to 
participate in the study and give permission that all comments could be recorder for 
transcription purposes of this study.  
 
_________________________     ___________________ 
Panel member signature      Date 
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APPENDIX B3: PARENT / GAURDIAN PERMISSION LETTER 
 
FACULTY OF EDUCATION 
 B.E.d Foundation Phase programme 
        2 May 2015 
Dear parents, 
 
RE: PARENT/GAURDIAN - REQUEST FOR PERMISSION TO CONDUCT A PILOT STUDY  
 
My name is Ulana Brits. I am currently a student at the University of Johannesburg; enrolled 
for a master’s degree. The title of my study is “The utility validity of a custom designed, 
curriculum-based test.” Part of this study included a pilot study to assess grade 3 learners 
results on an assessment tool that aims for learning.  
 
The test will be conducted at the school and will take place during the month of June 2015. A 
timetable will be discussed with you for your convenience. Your assistance is highly 
appreciated in this regard. Your child’s participation in this research process is voluntary and 
he/she may choose to withdraw from this process at any given time. If he/she chooses to not 
participate or withdraw from the research process, there will be no penalty. For anonymity and 
confidentiality, the name of the school and your child will not be mentioned throughout the 
data collection or analysis process neither during the findings of the study. Pseudonyms will 
be used in the writing of the final assessment tool. The collected data will be for this pilot study 
only, and apart from me, only the lecturer will have access to the data. She will treat this 
information as highly confidential. Should you so require, I will share the findings with you once 
my study has been completed.  
 
Should you have any questions or enquiries about this case study, please do not hesitate to 
contact me or my lecturer, Prof. Lara Ragpot (Number available from administration office at 
school). 
 
Thank you in advance. 
Yours sincerely, 
 
__________________________ (student signature) 
Ulana Brits 
Remedial Teacher  
 
--------------------------------------------------------------------------------------------------------------------------- 
 
 
I, ________________________, parent / guardian of _______________________ (learner 
name) give permission for my child to participate in the pilot study.  
 
 
 
__________________________     ____________________ 
Parent / Guardian signature      Date  
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APPENDIX B4: SCHOOL GOVERING BODY PERMISSION LETTER 
 
FACULTY OF EDUCATION 
 B.E.d Foundation Phase programme 
 
                                  15 April 2015 
Dear Mrs/Mr,  
 
RE: REQUEST FOR PERMISSION TO CONDUCT A PILOT STUDY  
 
My name is Ulana Brits and I am currently a student at the University of Johannesburg; 
enrolled for a master’s degree. The title of my study is “The utility validity of a custom designed, 
curriculum-based test.” Part of this study included a pilot study to assess grade 3 learners 
results on an assessment tool that aims for learning. I hereby request your permission to 
conduct this pilot study at your school.  
 
The learner (and your school’s) participation in this research process is voluntary and the 
learner may choose to withdraw from this process at any time. If she/he chooses to not 
participate or withdraw from the research process, there will be no penalty. Furthermore, 
written consent will be obtained from the parents/guardian, as well as the learner 
himself/herself. 
 
For the purposes of anonymity and confidentiality the names of the school and the learner will 
not be mentioned throughout the data and findings of the case study. Pseudonyms will be 
used in the writing of the final assignment. The collected data will be for this case study only, 
and apart from myself, only the lecturer will have access to the data. She will treat this 
information with the strictest of confidentiality.  
 
Should you have any questions or enquiries about this case study, please do not hesitate to 
contact me or my lecturer, Prof. L. Ragpot. 
 
Thanking you in advance.  
 
Yours sincerely 
__________________________ (student signature) 
Ulana Brits 
Remedial Teacher  
                                                     
Prof. L. Ragpot [Lecturer (UJ)] 
(011) 559-5105 
lragpot@uj.ac.za 
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APPENDIX C: THE 92-TEST ITEM SELECTION PROCESS 
 
Counting and finding preceding and succeeding numbers 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Counting Sets 
 
 
1) Count from 1 to 100. 
1 2        10 
          
  23        
        39  
          
    55      
          
          
81          
         100 
 
2)      Connect the dots.  
                Start at 1 and end at 37.  
 
3) Complete:  
d) What comes before 123?   
e) What comes before 947? 
f) What comes before 639?  
4) Complete: 
a) What comes between 16 and 18?    
g) What comes between 250 and 252?  
h) What comes between 798 and 800?   
5) Complete: 
a) What comes after 132?   
b) What comes after 540? 
c) What comes after 999  
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1) Look at the picture: 
 
 
 
 
 
 
Estimate how many fish are in the bowl  
Count how many fish are in the bowl 
 
2) Count from 801 to 850. 
801         810 
     816     
          
          
         850 
 
 
3) Fill in the missing numbers:  
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Counting of sets in text problem 
 
 
1) Sipho buys 243 packets of wood. The next day he buys another 122 packets 
of wood. How many packets of wood does he have altogether? 
  
2) Bongi likes to collect stones on his way home from school. On Monday he 
collected 49. On Tuesday he collected 69. On Wednesday 28 and on Thursday 
23. On Friday he collected 17. How many stones does he have altogether? 
  
3) Jabo buys the following stationary for school: 
Pen R4, 20 
Book R22, 10 
rubber R1, 25 
crayons R32, 50 
 
How much does all the stationary cost? 
Jabo pays with a R100 note for all the stationary. How much change does he receive 
back? 
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Organizing sets 
 
1) Complete the pattern by drawing the next 3 repeating diagrams: 
 
2) Complete the pattern by drawing the next 4 repeating diagrams: 
 
                                                          
3) Draw the next 2 changing size diagrams: 
 
 
4) Draw the next 2 changing size diagrams:  
 
 
5) Create your own pattern: 
6) Draw the next 4 repeating diagrams: 
 
 
7) Draw the next 3 repeating diagrams: 
 
 
8) Draw the next 4 growing diagrams:  
 
 
 
9) Draw the next 2 growing diagrams: 
 
 
10) Copy the pattern: 
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11) Copy the pattern: 
 
 
12)  Copy the pattern: 
 
 
13) Look at the diagram and answer the questions:  
 
 
 
a) Who will be first in the race? 
 
b) Who will be second in the race? 
 
c) Who will be third in the race? 
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Recognizing differences 
1) Insert the symbol > or <: 
a) 19 __________25 
b) 1000__________100 
c) 76____________67 
d) 850___________580 
2) Write the numbers from the smallest to the biggest: 
a) 69 ; 90 ; 51 ; 105 ; 44 ; 64  
b) 3 ; 46 ; 780 ; 27 ; 240 ; 320 
3) Write the numbers from the biggest to the smallest; 
a) 69 ; 90 ; 51 ; 105 ; 44 ; 64  
b) 3 ; 46 ; 780 ; 27 ; 240 ; 320 
4)     
 
 
 
 
c) Which row has more harts?   
d) How many more harts are there in this row?   
5)  
 
a) Which row has less stars?   
b) How many less stars are there in this row?   
6) Write an addition sum using the given subtraction sum: 
For example: 
15 – 6 = 9 can be written as 9 + 6 = 15 
a) 8 – 2 = 6 can be written as 
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7) Write a subtraction sum using the given addition sum: 
           For example: 
           8 + 4 = 12 can be written as 12 – 4 = 8 or 12 – 8 = 4 
a) 13 + 7 = 20 can be written as 
8) Complete: 
3 x 5 = 5 x 3 
Is this statement correct?  
 
 
9) Complete: 
8 – 4 = 4 - 8 
           Is this statement correct?  
 
 
10)  Complete: 
4 + 2 = 2 + 4 
            Is this statement correct?  
 
 
11) Complete: 
4 x 5 < 4 x 9 
           Is this statement correct?  
 
 
12) Insert the <; > or = sign to make the correct statement: 
a) 4 quarters ___________________ 2 halves 
b) 2 halves ___________________8 eights 
c) 3 quarters __________________7 eights   
d) 2 eights ___________________ 2 quarters 
yes no 
yes no 
yes no 
yes no 
 
161 
 
One more 
1) Complete:  
c) What is 1 bigger than 199?  
d) What is 3 bigger than 223?  
e) What is 2 bigger than 126? 
f) What is 5 bigger than 631?  
 
2) Complete: 
a) What is 1 smaller than 11?   
b) What is 3 smaller than 166?   
c) What is 2 smaller than 359?   
d) What is 5 smaller than 954?  
 
3) Complete:  
a) 14 is 5 more than _________________ 
b) 124 is 5 more than ________________ 
c) 260 is 7 more than ________________ 
 
4) Complete:  
a) ________________ is 20 more than 718 
b) ________________ is 100 more than 955 
c) ________________is 50 more than 860 
 
5) Complete:  
a) 6 less than 134 is ___________________ 
b) 9 less than 198 is ___________________ 
c) 8 less than 259 is ___________________ 
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6) Complete: 
a) _________________ 20 less than 980 
b) _________________ 100 less than 1000 
c) _________________50 less than 875 
 
7) Complete: 
a) ____________ is 10 less than 62 
b) ____________ is 5 less than 345 
c) ____________ is 20 less than 562 
 
8) Complete: 
a) ___________ is 9 more than 60  
b) ___________ is 4 more than 140 
c) ___________ is 20 more than 370 
 
9) Nandi has 410 dolls and Lisa has 120 dolls. How many dolls does Nandi have 
more than Lisa? 
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Determining sub-sets, when only one set is visible 
 
1) What is the difference between 965 and 863? 
2) What must be added to 125 to get 150? 
3) The sum of two numbers is 525. One of the numbers is 305. What is the 
other number? 
4) Complete:  
a) 5 + 6 + ________ = 15 
b) 20 + 4 + ________ = 30 
5) Complete:  
c) 28 – 5 - _______ = 18 
d) 14 – 4 - ________ = 3 
6) Jerry has to walk 234km to get to his grandmother’s home. He has already 
walked 130km. How many kilometres does he still have to walk before he 
gets to his grandmother’s home?  
7) Thabiso needs to buy 45 apples for his mother. She is looking for green 
apples as well as red apples. There should be 5 more red apples than 
green apples. How many red and green apples should Thabiso buy for his 
mother? 
8) If the number 4 is multiplied by 2 and then multiplied again by 2, it means 
that the number has been multiplied by  
9) If 24 is divided by 4 and then divided by 2 again, it means that 24 has been 
divided by 
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Counting in Steps 
1) Complete the pattern: 
 
a) 236 ; 237 ; 238; ______ ; ______ ; ______ ; ______ ; ______ ; ______.  
Rule: ____________________________________________________ 
b) 144 ; 146 ; 148; ______ ; ______ ; ______ ; ______ ; ______ ; ______.  
Rule: ____________________________________________________ 
c) 50 ; 75 ; 100 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
Rule: ____________________________________________________ 
d) 95 ; 90 ; 85 : ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
Rule: ____________________________________________________ 
 
2) Complete: 
a) 150 ; 200 ; 250 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
b) 520 ; 540 ; 560 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
c) 54 ; 50 ; 46 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
d) 54 ; 52 ; 50 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
e) 75 ; 80 ; 85 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
f) 110 ; 120 ; 130 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
g) 200 ; 300 ; 400 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
h) 190 ; 180 ; 170 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
i) 33 ; 36 ; 39 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
j) 44 ; 48 ; 52 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
 
3) Complete: 
b) 30; _____; 36 ; 39 ;  _____ ; 45 ; ______ ; _____. 
c) 86 ; 84 ; _____ ; _____ ; 90 ; _____ ; 94. 
d) 75 ; _____ ; 85 ; _____ ; _____ ; _____ ; 105.  
e) 32 ; 36 ; _____ ; _____ ; _____ ; 52 ; 56.  
f) 220 ; _____ ; 260 ; 280 : ______ ; _____.  
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Giving sets 
1) Show the value of these numbers: 
For example:  
254 = 200 + 50 +4  
a) 185 = _____________________________ 
b) 256 =_____________________________ 
c) 888 = ____________________________ 
d) 656 = ____________________________ 
 
2) What is the value of the underlined number? 
a) 586  _________ 
b) 485  _________ 
c) 949  _________ 
d) 173  _________ 
e) 33  _________ 
f) 85  _________ 
 
3) Write in short form: 
c) 300 + 40 + 3 = _____________ 
d) 800 + 50 + 2 = _____________ 
e) 900 + 60 + 6 = _____________ 
 
4) Write symbols for the numbers made up of: 
a) 8 hundreds + 7 tens = _____________ 
b) 6 hundreds + 3 tens + 4 units = _________ 
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5) In 967, the value of the digit 9 is ____________ 
      the value of the digit 6 is ____________ 
      the value of the digit 7 is ____________ 
 
6) Round the number off to the nearest ten: 
a) 995 ____________________ 
b) 433_____________________ 
c) 296 ____________________ 
 
7) Colour in half of the shape: 
 
 
8) Colour in one third of the shape 
 
 
 
9) Colour in six tenths of the shape:  
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10) What fraction of each shape is shaded? 
a)  
                 
b)       
 
c)    
 
d)  
 
e)  
 
f)  
 
g)  
 
h)  
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One to One  
1) Share 69 apples equally between 3 people. How many apples will 
each person get?  
2) How many groups of five flowers can you make from these 
flowers? 
 
 
 
 
 
3) 1 car has 4 wheels. How many wheels will 42 cars have 
altogether?  
4) 1 bicycle has 2 wheels. How many wheels will 63 have?  
5) Thabiso paid R36 for 6 breads.  
a) How much did he pay for one bread?  
b) How much would he have paid for 10 breads?  
6) Divide the following numbers:  
a) 36 = ______________ 
b) 40 = ______________ 
c) 500 = _____________ 
d) 100 = _____________ 
7) Double the following numbers: 
a) 40 = ______________ 
b) 500 = _____________ 
c) 100 = _____________ 
d) 250 = _____________ 
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Generating equal sets 
 
1) Write the number symbol for: 
a) thirty-nine   
b) eighty-five   
c) ninety-six   
d) fifteen    
e) one hundred and six    
f) two hundred and sixty   
g) four hundred and ninety-five  
h) nine hundred and sixty  
   
2) Complete: 
a) 110 + 8 = _______________ 
b) 423 + 6 = ______________ 
 
3) Complete: 
a) 12 + 4 + 7 = _______________ 
b) 3 + 19 + 2 = _______________ 
 
4) Complete:  
a) 15 – 3 = _________ 
b) 56 – 4 = ________ 
 
5) Complete:  
a) 25 – 6 – 4 = _________ 
b) 18 – 5 – 8 = __________ 
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6)  684 + 215 =  
 
7) 956 – 384 =  
 
8) Complete: 
a) 6 x 2 = ______________ 
b) 7 x 4 = ______________ 
c) 10 x 10 = _____________ 
d) 1 x 0 = ______________ 
 
9) 18 x 4 =  
 
10)   34 x 5 = 
 
11)  Complete: 
a) 28 ÷ 4 = ___________ 
b)  21 ÷ 3 = ___________ 
c) 45 ÷ 5 = ___________ 
d) 90 ÷ 10 =  __________ 
 
12)  Complete: 
a) 8 ÷ 3 = ___________ 
b) 5 ÷ 2 = ___________ 
c) 41 ÷ 10 = __________ 
d) 13 ÷ 4 = __________ 
 
13) 135 ÷ 3 =  
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14) 92 ÷ 4 = 
 
15) 195 ÷ 5 =  
 
16)  Complete: 
a) 12c + 8c = ____________ 
b) R40 + R20 = __________ 
c) R 75 + R25 = __________ 
 
17)  Complete:  
a) R65 – R10 = __________ 
b) R3 – 20c = ___________ 
c) R38 – R12 = ___________ 
 
18) Complete: 
a) 5c x 6 = _________ 
b) 7c x 8 = _________ 
c) R2, 50 x 3 = _________ 
d) R10 X 9 = ___________ 
 
19) Complete:  
a) 560c = R______ 
b) R4, 50 = ______c 
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ADDENDUM D: INITIAL TEST DESIGN INCLUDING 92-TEST ITEMS 
 
1) Count from 1 to 100. 
1 2        10 
          
  23        
        39  
          
    55      
          
          
81          
         100 
 
2) Count from 801 to 850. 
801         810 
     816     
          
          
         850 
 
3) Fill in the missing numbers: 
 
3.1 
 
 
3.2 
676 
675 
173 
 
4) Look at the picture: 
 
 
 
 
 
4.1 Estimate how many fish are in the bowl  __________________________________ 
 
4.2 Count how many fish are in the bowl __________________________________ 
 
 
5) How many groups of five flowers can you make from these flowers? 
 
6)      Connect the dots.  
                  Start at 1 and end at 37. 
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7) Complete the pattern: 
 
a) 236 ; 237 ; 238; ______ ; ______ ; ______ ; ______ ; ______ ; ______.  
Rule: ____________________________________________________ 
b) 144 ; 146 ; 148; ______ ; ______ ; ______ ; ______ ; ______ ; ______.  
Rule: ____________________________________________________ 
c) 50 ; 75 ; 100 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
Rule: ____________________________________________________ 
d) 95 ; 90 ; 85 : ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
Rule: ____________________________________________________ 
 
8) Complete: 
a) 150 ; 200 ; 250 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
b) 520 ; 540 ; 560 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
c)   54 ; 50 ; 46 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
d) 54 ; 52 ; 50 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
e)   75 ; 80 ; 85 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
f)    110 ; 120 ; 130 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
g) 200 ; 300 ; 400 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
h) 190 ; 180 ; 170 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
i)    33 ; 36 ; 39 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
j)   44 ; 48 ; 52 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
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9) Complete: 
a) 30; _____; 36 ; 39 ;  _____ ; 45 ; ______ ; _____. 
b) 86 ; 84 ; _____ ; _____ ; 90 ; _____ ; 94. 
c) 75 ; _____ ; 85 ; _____ ; _____ ; _____ ; 105.  
d) 32 ; 36 ; _____ ; _____ ; _____ ; 52 ; 56.  
e) 220 ; _____ ; 260 ; 280 : ______ ; _____.  
 
10) Write the number symbol for: 
a) thirty-nine  ___________ 
b) eighty-five  ___________ 
c) ninety-six  ___________ 
d) fifteen  __________ 
e) one hundred and six   _______________ 
f) two hundred and sixty  _______________ 
g) four hundred and ninety-five _______________ 
h) nine hundred and sixty  _______________ 
  
11) Insert the symbol > or < : 
a) 19 __________25 
b) 1000__________100 
c) 76____________67 
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d) 850___________580 
 
12) Write the numbers from the smallest to the biggest: 
a) 69 ; 90 ; 51 ; 105 ; 44 ; 64 
________________________________________________________________________ 
b) 3 ; 46 ; 780 ; 27 ; 240 ; 320 
_______________________________________________________________________ 
 
13) Write the numbers from the biggest to the smallest ; 
a) 69 ; 90 ; 51 ; 105 ; 44 ; 64 
________________________________________________________________________ 
b) 3 ; 46 ; 780 ; 27 ; 240 ; 320 
_______________________________________________________________________ 
 
14) Complete:  
a) What comes before 123?  ______________ 
b) What comes before 947? ______________ 
c) What comes before 639? ______________ 
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15) Complete: 
a) What comes between 16 and 18?   _____________ 
d) What comes between 250 and 252? _____________ 
e) What comes between 798 and 800?  _____________ 
 
16) Complete: 
a) What comes after 132?  ______________ 
b) What comes after 540? ______________ 
c) What comes after 999 ______________ 
 
17) Complete:  
a) What is 1 bigger than 199?  _____________ 
b) What is 3 bigger than 223? _____________ 
c) What is 2 bigger than 126? _____________ 
d) What is 5 bigger than 631? _____________ 
 
18) Complete: 
a) What is 1 smaller than 11?  ____________ 
b) What is 3 smaller than 166?  ____________ 
c) What is 2 smaller than 359?   ___________ 
d) What is 5 smaller than 954?  ___________  
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19)    Row 1 
 
 Row 2 
  
 
a) Which row has more harts?  __________________________ 
b) How many more harts are there in this row?  __________________________ 
 
20) Row 1 
 
 
      Row 2 
  
 
a) Which row has less stars?   ___________________ 
b) How many less stars are there in this row?   _____________________ 
 
21. Complete:  
a) 14 is 5 more than _________________ 
b) 124 is 5 more than _________________ 
c) 260 is 7 more than _________________ 
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22. Complete:  
a) ________________ is 20 more than 718 
b) ________________ is 100 more than 955 
c) ________________is 50 more than 860 
 
23. Complete:  
a) 6 less than 134 is ___________________ 
b) 9 less than 198 is ___________________ 
c) 8 less than 259 is ___________________ 
 
24. Complete: 
a) _________________ 20 less than 980 
b) _________________ 100 less than 1000 
c) _________________50 less than 875 
 
25. Complete: 
a) ____________ is 10 less than 62 
b) ____________ is 5 less than 345 
c) ____________ is 20 less than 562 
 
 
180 
 
26. Complete: 
a) ___________ is 9 more than 60  
b) ___________ is 4 more than 140 
c) ___________ is 20 more than 370 
 
27. Write an addition sum using the given subtraction sum: 
For example: 
15 – 6 = 9 can be written as 9 + 6 = 15 
a) 8 – 2 = 6 can be written as ___________________________ 
 
28. Write a subtraction sum using the given addition sum: 
           For example: 
           8 + 4 = 12can be written as 12 – 4 = 8 or 12 – 8 = 4 
a) 13 + 7 = 20 can be written as ____________________________ 
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29.  
 
 
 
 
 
 
 
a) Who will be first in the race? __________________________ 
b) Who will be second in the race? _______________________ 
c) Who will be third in the race? ________________________ 
 
30. Show the value of these numbers: 
For example:  
254 = 200 + 50 +4  
a) 185 = _____________________________ 
b) 256 =_____________________________ 
c) 888 = ____________________________ 
d) 656 = ____________________________ 
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31. What is the value of the underlined number? 
a) 586  _________ 
b) 485  _________ 
c) 949  _________ 
d) 173  _________ 
e) 33  _________ 
f) 85  _________ 
 
32. Write in short form: 
a) 300 + 40 + 3 = _____________ 
b) 800 + 50 + 2 = _____________ 
c) 900 + 60 + 6 = _____________ 
 
33. Write symbols for the numbers made up of: 
a) 8 hundreds + 7 tens = ____________________ 
b) 6 hundreds + 3 tens + 4 units = _______________________ 
 
34. In 967, the value of the digit 9 is ____________ 
            the value of the digit 6 is ____________ 
            the value of the digit 7 is ____________ 
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35. Complete: 
a) 110 + 8 = _______________ 
b) 423 + 6 = ______________ 
 
36. Complete: 
a) 12 + 4 + 7 = _______________ 
b) 3 + 19 + 2 = _______________ 
 
37. Complete: 
a) 5 + 6 + ________ = 15 
b) 20 + 4 + ________ = 30 
 
38. Complete:  
a) 15 – 3 = _________ 
b) 56 – 4 = ________ 
 
39. Complete:  
a) 25 – 6 – 4 = _________ 
b) 18 – 5 – 8 = __________ 
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40. Complete:  
a) 28 – 5 - _______ = 18 
b) 14 – 4 - ________ = 3 
 
41.  684 + 215 =  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
42. 956 – 384 =  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
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43.  Sipho buys 243 packets of wood. The next day he buys another 122 packets of 
wood. How many packets of wood does he have altogether? 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
  
44. Bongi likes to collect stones on his way home from school. On Monday he 
collected 49. On Tuesday he collected 69. On Wednesday 28 and on Thursday 23. 
On Friday he collected 17. How many stones does he have altogether? 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
45. Jerry has to walk 234km to get to his grandmother’s home. He has already 
walked 130km. How many kilometres does he still have to walk before he gets to 
his grandmother’s home?  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
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46. Thabiso needs to buy 45 apples for his mother. She is looking for green apples as 
well as red apples. There should be 5 more red apples than green apples. How 
many red and green apples should Thabiso buy for his mother? 
 ___________________________________________ 
  
47. Round the number off to the nearest ten: 
a) 995 ____________________ 
b) 433_____________________ 
c) 296 ____________________ 
 
48. What is the difference between 965 and 863? 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
  
49. What must be added to 125 to get 150? 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
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50. Nandi has 410 dolls and Lisa has 120 dolls. How many dolls does Nandi have more 
than Lisa? 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
  
51. The sum of two numbers is 525. One of the numbers is 305. What is the other 
number? 
 ___________________________________________ 
 ___________________________________________ 
52. Complete: 
a) 6 x 2 = ______________ 
b) 7 x 4 = ______________ 
c) 10 x 10 = _____________ 
d) 1 x 0 = ______________ 
 
53. Double the following numbers: 
a) 40 = ______________ 
b) 500 = _____________ 
c) 100 =  _____________ 
d) 250 = _____________ 
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54. If the number 4 is multiplied by 2 and then multiplied again by 2, it means that 
the number has been multiplied by ___________________  
 
55. Complete: 
3 x 5 = 5 x 3 
Is this statement correct?  
 
 
56. Complete: 
8 – 4 = 4 - 8 
           Is this statement correct?  
 
 
57.  Complete: 
4 + 2 = 2 + 4 
            Is this statement correct?  
 
 
58. Complete: 
4 x 5 < 4 x 9 
yes no 
yes no 
yes no 
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           Is this statement correct?  
 
 
59.  18 x 4 =  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
  
60. 34 x 5 = 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________  
 
61. 1 car has 4 wheels. How many wheels will 42 cars have altogether?  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
 
yes no 
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62. 1 bicycles has 2 wheels. How many wheels will 63 have?  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
  
63. Complete: 
a) 28 ÷ 4 = ___________ 
b)  21 ÷ 3 = ____________ 
c) 45 ÷ 5 = ____________ 
d) 90 ÷ 10 =  ___________ 
 
64. Complete: 
a) 8 ÷ 3 = ___________ 
b) 5 ÷ 2 = ___________ 
c) 41 ÷ 10 = __________ 
d) 13 ÷ 4 = __________ 
 
65. If 24 is divided by 4 and then divided by 2 again, it means that 24 has been 
divided by ____________________ 
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66.  Divide the following numbers:  
a) 36 = ______________ 
b) 40 = ______________ 
c) 500 = _____________ 
d) 100 = _____________ 
 
67. 135 ÷ 3 =  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
   
68.  92 ÷ 4 = 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
   
69. 195 ÷ 5 =  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
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70. Share 69 apples equally between 3 people. How many apples will each person 
get? __________________________________ 
 
71. Thabiso paid R36 for 6 breads.  
a) How much did he pay for one bread? _______________________________ 
b) How much would he have paid for 10 breads? ________________________ 
 
72. Colour in half of the shape: 
 
 
73. Colour in one third of the shape: 
 
   
 
74. Colour in 6 tenths of the shape:  
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75. What fraction of each shape is shaded? 
i)  
                        
                      _____________       
j)        
 
  ______________ 
k)  
 
  ______________ 
l)  
 
  ______________ 
m)  
 
_______________ 
n)  
 
_______________ 
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o)  
 
_______________ 
p)  
 
_______________ 
 
76. Insert the < ; > or = sign to make the correct statement: 
a) 4 quarters ___________________ 2 halves 
b) 2 halves ___________________8 eights 
c) 3 quarters __________________7 eights   
d) 2 eights ___________________ 2 quarters 
 
77. Complete: 
a) 12c + 8c = ____________ 
b) R40 + R20 = __________ 
c) R 75 + R25 = __________ 
 
 
 
 
195 
 
78. Complete:  
a) R65 – R10 = __________ 
b) R3 – 20c = ___________ 
c) R38 – R12 = ___________ 
 
79. Complete: 
a) 5c x 6 = _________ 
b) 7c x 8 = _________ 
c) R2, 50 x 3 = _________ 
d) R10 X 9 = ___________ 
 
80. Complete:  
a) 560c = R______ 
b) R4, 50 = ______c 
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81. Jabo buys the following stationary for school: 
Pen R4, 20 
Book R22, 10 
rubber R1, 25 
crayons R32, 50 
 
a) How much does all the stationary cost? 
   ________________________________________________ 
 ________________________________________________ 
b) Jabo pays with a R100 note for all the stationary. How much change does 
he receive back? 
 ________________________________________________ 
 ________________________________________________ 
 ________________________________________________ 
 
82. Complete the pattern by drawing the next 3 repeating diagrams: 
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83. Complete the pattern by drawing the next 4 repeating diagrams: 
 
                                                          
 
84. Draw the next 2 changing size diagrams: 
 
 
 
85.  Draw the next 2 changing size diagrams:  
 
 
 
 
86. Create your own pattern: 
_____________________________________________________________________________ 
 
87. Draw the next 4 repeating diagrams: 
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88. Draw the next 3 repeating diagrams: 
                     
 
89. Draw the next 4 growing diagrams:  
 
 
 
 
90. Draw the next 2 growing diagrams: 
 
 
 
91. Copy the pattern: 
 
92. Copy the pattern: 
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ADDENDUM E: 47 TEST ITEMS  
 
1) Count from 801 to 850. 
801         810 
     816     
          
          
         850 
 
 
2) Fill in the missing numbers: 
 
 
3) Look at the picture: 
 
 
3.1 Count how many fish are in the bowl __________________________________ 
 
 
 
200 
 
4) How many groups of five can you make from these flowers? 
 
 
5)    Connect the dots.  
                Start at 1 and end at 37. 
 
 
 
 
 
 
 
 
 
 
 
6) Complete the pattern: 
 
a) 236 ; 237 ; 238; ______ ; ______ ; ______ ; ______ ; ______ ; ______.  
Rule: ____________________________________________________ 
b) 144 ; 146 ; 148; ______ ; ______ ; ______ ; ______ ; ______ ; ______.  
Rule: ____________________________________________________ 
c) 50 ; 75 ; 100 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
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Rule: ____________________________________________________ 
d) 95 ; 90 ; 85 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
Rule: ____________________________________________________ 
 
7) Complete: 
a) 54 ; 48 ; 52 ; 46 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
b) 33 ; 36 ; 39 ; 42 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
c)   10 ; 20 ; 40 ; 80 ; ______ ; ______ ; ______ ; ______ ; ______ ; ______. 
d) 800 ; 400 ; 200 ;  ______ ; ______ ; ______. 
e)   32 ; 36 ; _____ ; _____ ; _____ ; 52 ; 56.  
 
8) Write the number: 
e.g nine = 9 
a) one hundred and six   _______________ 
 
9) Insert > or < : 
a) 19 __________25 
b) 1000__________100 
c) 76____________67 
d) 850___________580 
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10) Write the numbers from the smallest to the biggest : 
69 ; 90 ; 51 ; 105 ; 44 ; 64 
________________________________________________________________________ 
 
11) Write the numbers from the biggest to the smallest ; 
3 ; 46 ; 780 ; 27 ; 240 ; 320 
_______________________________________________________________________ 
 
12) Complete:  
a) What comes before 639?  ______________ 
b) What comes between 798 and 800?  _____________ 
c) What comes after 999 ______________ 
 
13) Complete:  
a) What is 1 bigger than 199?  _____________ 
b) What is 2 smaller than 359?   ___________ 
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14)    Row 1 
 
 Row 2 
  
 
a) Which row has more hearts?  __________________________ 
b) How many more hearts are there in this row?  __________________________ 
 
15. Complete:  
a) 260 is 7 more than________________ 
b) ________________is 50 more than 860 
c) 9 less than 198 is ___________________ 
d) _________________is 100 less than 1000 
e) ____________ is 5 less than 342 
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16. Complete: 
 
 
 
 
 
 
17. Look at the picture and answer the questions:  
 
a) Who will be first in the race? __________________________ 
b) Who will be third in the race? _______________________ 
c) Who will be last in the race? ________________________ 
 
18. Show the value of this number: 
For example:  
254 = 200 + 50 +4  
a) 656 = ____________________________ 
7 8 
 5 
11  
15 
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19. What is the value of the underlined number? 
a) 147 __________ 
b) 714 __________ 
c) 471 __________ 
 
20. Write in short form: 
a) 300 + 40 + 3 = _____________ 
 
21. Write symbols for the numbers made up of: 
a) 8 hundreds + 7 tens = ____________________ 
b) 6 hundreds + 3 tens + 4 units = _______________________ 
 
22.  684 + 215 =  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
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23. 956 – 384 =  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
24. Thabiso likes to collect stones on his way home from school. On Monday he 
collected 49. On Tuesday he collected 69. On Wednesday 28 and on Thursday 
23. On Friday he collected 17. How many stones does he have? 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
25. Thabiso has to walk 234km to get to his grandmother’s home. He has already 
walked 130km. How many kilometres does he still have to walk before he gets 
to his grandmother’s home?  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
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26. Thabiso needs to buy 45 apples for his mother. She is looking for green apples 
as well as red apples. There should be 5 more red apples than green apples. 
How many red and green apples should Thabiso buy for his mother? 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
27. Round the number off to the nearest ten: 
a) 435 ____________________ 
b) 433_____________________ 
c) 438 ____________________ 
 
28. What is the difference between 965 and 863? 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
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29. Nandi has 410 seeds and Lisa has 120 seeds. How many more dolls does Nandi 
have than Lisa? 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
30. The sum of two numbers is 525. One of the numbers is 305. What is the other 
number? 
 ___________________________________________ 
 ___________________________________________ 
31. Complete: 
a) 10 x 10 = _____________ 
b) 1 x 0 = ______________ 
 
32. Complete: 
3 x 5 = 5 x 3 
Is this statement correct?  
 
 
yes no 
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33. Complete: 
4 x 5 < 4 x 9 
           Is this statement correct?  
 
 
34.  18 x 4 =  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
35. 34 x 5 = 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
36. Complete: 
a) 28 ÷ 4 = ___________ 
b)  21 ÷ 3 = ____________ 
yes no 
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37. Complete: 
a) 8 ÷ 3 = ___________ 
b) 41 ÷ 10 = __________ 
 
38. If 24 is divided by 4 and then divided by 2 again, it means that 24 has been 
divided by ____________________ 
 
39. 135 ÷ 3 =  
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 ___________________________________________ 
 
40. Share 69 apples equally between 3 people. How many apples will each person 
get? __________________________________ 
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41. Thabiso paid R36 for 6 breads.  
a) How much did he pay for one bread? _______________________________ 
b) How much would he have paid for 10 breads? ________________________ 
 
42. Colour in half of the shape: 
 
 
43. Colour in one third of the shape: 
 
   
 
44. Colour in 6 tenths of the shape:  
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45. What fraction of the shape is shaded? 
a)  
 
  ______________ 
 
46. Insert the < ; > or =  
a) 2 eights ___________________ 2 quarters 
 
47. Thabiso buys the following stationary for school: 
Pen R4, 20 
Book R22, 10 
rubber R1, 25 
crayons R32, 50 
 
a) How much does all the stationary cost? 
   ________________________________________________ 
 ________________________________________________ 
 ________________________________________________ 
 ________________________________________________ 
 ________________________________________________ 
 ________________________________________________ 
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a) Thabiso pays with a R100 note for all the stationary. How much change 
does he get? 
 ________________________________________________ 
 ________________________________________________ 
 ________________________________________________ 
 ________________________________________________ 
 ________________________________________________  
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ADDENDUM F: TRANSCRIPTION OF DISCUSSION WITH PANEL OF                         
EXPERTS 
 
Phase 1: Data analysis 
 
The following transcription involves the discussion that was done with the panel of 
experts. As discussed in Chapter 3 the method used to obtain this data was through 
an open-ended discussion were the panel could feel free to express their ideas and 
opinions of each item. In this transcription there will be five members involved in the 
focus group discussion which will be referred to by using the following names: 
 
Panel expert 1: Lecturer at the University of Johannesburg and also former foundation 
phase teacher. 
Panel expert 2: Lecturer at the University of Johannesburg and also former 
intermediate phase teacher.  
Panel expert 3: A foundation phase teacher. 
Panel expert 4: A professor at the University of Johannesburg with extensive 
knowledge in theories of how children obtain knowledge. She also has extended 
knowledge and involvement in the development of the MARDO-D test in South Africa 
and what theories the test was designed on.  
Panel expert 5: A lecturer at the University of Johannesburg with extended knowledge 
in childhood development as well as a knowledge of the MARKO-D and the theories 
it was developed on.  
 
The transcript will be used to identify specific codes that will be organized according 
to categories with the aim of identifying themes that can form a criterion for item 
selection in test development. This criterion could then be used to help choose the 
best possible items for a test design that is grounded in both theory and curriculum 
policy. After this criterion is identified a detailed discussion will be done of which items 
where included into my test design and on what grounds of the criterion it has been 
identified.  
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Researcher: Welcome everyone. This is a test that was designed on two learning 
areas of the curriculum. The focus is Numbers, Patterns and Relationships as well as 
Patterns and Functions. It is not the entire curriculum but only these two learning 
areas. The test that you see in front of you has 92-test items, all testing items 
throughout these two learning areas. All concepts are set from the CAPS curriculum 
and therefore all the items are relevant concepts in the curriculum.  I need you to 
discuss and decide what the best 40 to 50 items will be to include in the test for Grade 
3 learners. Look at the language and the way the questions are structured and if 
leaners will understand what the questions is expecting of them to answer. 
All members of the panel also gave verbal consent on the recording for them to be 
recorded for the purposes of the study.  
Panel Expert 3: I would like to know what the language of instruction is for these 
learners?  
Researcher: English is their second language, but English is the language of 
instruction at the school. All instruction at school is in English.  
Panel Expert 3: Do you want us to discuss the question? 
Researcher: You can if you want to you.  
Panel Expert 3: Are they going to be filling in the test or just verbally tell you the 
answer?  
Researcher: They will just be filling in the answers.  
Panel of experts 3: I would not make it from one (Referring to item 1) because they 
should be able to go bigger than that. So maybe make it from 500 or is 800 ok?  
Panel Expert 1: What is the number range them?  
Researcher: To a 1000. 
Panel Expert 1: Yes, a 1000, so I would the rather take number two as supposed to 
number one.  
Panel Expert 1: I like 3.2. 
Panel Expert 2 and 3: I also like 3.2 
Panel Expert 1: I wouldn’t do question 3.1. 
Panel Expert 4: But can I ask a question here. Can you for a moment forget that you 
are teachers and that you are working with the national curriculum. A concept that is 
test from 801 to 850, what concept is that testing? 
Panel Expert 3: Sequencing 
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Researcher: Yes, sequencing. It is a level one question of just sequencing numbers. 
Can they recite numbers? 
Panel expert 4: I think it is a little more complicated than that. It also involves some 
place value and they would have to have some memory of what is centenary and in 
3.1 what is it that you are testing there?  
Researcher: It is also sequencing. 
Panel Expert 3: So, should you have two or can you have one? What is the difference 
between the two?  
Researcher: It is just because it is one learning area and items were set on all the 
concepts. Only 40 – 50 items need to be selected.  
Panel Expert 4: And those need to be multiplied by six for six levels. So, in the end 
you will have to have a matrix to say that these are the levels, and this is the curriculum. 
Curriculum is saying Operations, Relationships and Numbers and the levels is.... yes, 
you will have to fill in this kind of matrix. But just to come back.... this is also a validation 
of the model used to ask questions from curriculum. I just want to alert you. So, what 
is it that you are testing in 3.2? 
Researcher: Sequencing and some kind of memory. 
Panel Expert 4: So why are you putting it on a physical number line? Why must 
sequencing look like this? Is this what they learn? 
Researcher: Yes, it is according to the CAPS curriculum.  
Panel Expert 4: So, can you give another one that does not give that? That doesn’t 
have a fix line. 
Researcher: Yes like 3.2. That is why I am asking which one you prefer?  
Panel Expert 4: Because we don’t just want to copy what already exists. Can you also 
try to so something with a figure in 3.2 like you did in the second one? With dots on a 
line that goes in different directions. Think of your study of what goes on in your study 
of what analogically goes on in the mind. What goes on in the brain is from left to right, 
for kids that live in the western world, but to have that, that looks like a ruler is 
immediately level 5 as you are indicating intervals. We made the mistake in our movie 
of asking sequencing with intervals and that had an obstacle.... are you a teacher? 
(referring to expert 3) 
Expert 3: Yes, I am.  
Expert 4: So, you also may attest to it. This is the obstacle, this is a thing that learners 
struggle with...these two levels, that are so different, level 2 and level 5 we are putting 
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together in one problem. Now that you know how the brain works, you know now they 
must think about sequence but also see equal distances and that is intervals and 
teachers teach this and that is one of our hypothesis of why kids don’t understand 
intervals in the end and why they can’t measure, when they do measurement why they 
can’t distinguish between grams, kilograms  and parts of decimals. Could you just take 
out those lines that look like a ruler and if you count, counting and the counting 
sequence, we mistakenly thought, has nothing to do with intervals and distance of the 
numbers. It is just one and then there is two and I can bundle them up, I can have one, 
two and three together and there I could have 49, there is no need for intervals. Would 
you disagree with that? It does not matter, it is just a sequence. The sequencing of the 
distance you walk, the first day you walk 7km and it took you so long and the second 
day 20km in so long. It is still sequencing but with different intervals. That is why 
intervals are a very difficult thing and they teach it at the end of grade 2, but we 
introduce it at the beginning of grade 1. I say grade, but I do not want talk curriculum, 
they get to it at the age of seven and a half, eight but remember it takes them at least 
6 months to get all of that.  
Expert 5: I just want to put something in perspective here, what the researcher did is 
that she took the six levels and the two learning areas or content areas and then she 
developed questions on this level and this level and all the way down, bunching them 
together. So, the questions are already developed on the different levels and what she 
needs from you is to identify questions and then she will sort them according to the 
levels. She just wants you to look at it from a perspective of a teacher and knowing 
the national curriculum statement. What do you think is a good question and what do 
you think is not that a good questions to ask? 
Expert 4: But then now on that point, if teachers think that this for example is a good 
question (referring to item 3.1) then what is the construct that she is testing? Teacher 
may think it is a good question but then the researcher needs to reformulate the 
question because teachers are trained in curriculum and trained to think this.  
Expert 5: Yes, but I think we are asking all these teachers that have some 
background...but yes, I see what you are saying...but why not then include both these 
questions to assess on which item then the children perform better and if they then 
perform better on the number line the we (interrupted) 
Expert 4: I am not talking so much of the number line, I am talking more of the 
intervals.  
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Researcher: I can make this one without intervals then.  
Expert 4: You can make them exactly like this, only without the intervals. The intervals 
are the only variable that can differ. This is a hard thing.  
Expert 3: Why do you need to let them write the test then? Why can’t you just let them 
answer. Give them the number and ask them to sequence the numbers but if you want 
to record that you can’t do it. So, give them loose numbers, I know you are sitting with 
100 children but ask them to sequence these.  
Expert 4: Write them down and let them put them in order. If you want to test 
sequencing you throw out an Arabic number symbol from there to there, 851, 852 on 
a card 
Expert 5: Doesn’t that come later?  
Researcher: Yes  
Expert 1: It is here, I can see one already.  
Researcher: You see this is one learning area and they state specific things in each 
learning area. These two questions are specific things in the learning area that children 
must be able to do.  
Expert 4: What do they call it? 
Expert 1: Number lines. 
Researcher: They call it number lines and they have to know intervals 
Expert 4: But they can’t.  
Expert 1:  They speak of intervals in the document.  
Expert 4: But you will have to illustrate that kids can’t do this 
Researcher: If we give this questions, I can take the results and say then kids couldn’t 
get this correct for the following reasons and name them..... 
Expert 5: But now remember they are grade 3 and they are 9 or 10 years old, so they 
might, we can say this is a number line question but it is a level 5 question and then 
we can link those two together. Expert 1 had a very nice idea here, let her share it with 
you.   
Expert 1: I would then rather use this one, in my opinion, and expert 3 you are a 
teacher as well, this will be a breeze for them because it is straight forward 
Expert 3: It is like rote learning  
Expert 1: This on the other hand is something that they are that not the custom of 
what is learned to them, so you are creating a problem by asking something they know 
but not used to this specific custom of asking this question. 
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Expert 3: They would apply more of their knowledge to this one.  
Expert 1: Item 3.1 is pretty straight forward, they apply their knowledge, and 
immediately if they have completed Grade 1 and 2 and according to the assessment 
policy statements going to know, counting forwards and backwards in ones, they 
would know that is what my ruler looks like and that every hop is going to mean one 
hop whereas this kind of thing the learners will  basically have to see where am I on 
the line, is it a line, because in their minds a line is straight. This is a line but it isn’t 
straight, it is getting their mind around this. 
Expert 5: Must she leave the intervals in the second one then?  
Expert 1: I would take them out, so essentially you will have 687, 688...that kind of 
thing and then here go 670 and they have to fill in the missing numbers. 
Expert 3: But where will they then know to write the answer? 
Expert 1: They must decide because my brain needs to tell me I am counting in ones, 
my intervals are not the same, but I am still counting in ones.  
Expert 3: So still put the dots but just put them randomly.  
Expert 1: You can even let them put it in randomly. 
Expert 4: You rather put them in (everybody agrees to put dots in). When you get to 
your matrix, you (the researcher) needs to look carefully, because the concern raised 
in your proposal was valid, they made a point from psychometrics view, because if you 
test a curriculum, you the tester, go into a certain mode and if you are testing concepts 
you are going into a completely different mode. So, there is definitely a concern, you 
must sort it out by bringing those two together and therefore your study is called 
designed based research study. What we want to see is if, in the boxed in curriculum, 
if children are learning because they have been taught and now they get it. That is 
why we need to ask questions differently because we need to ask question that still 
test curriculum but, in a way, children are not use to and have not been trained to 
answer. I mean someone just wrote a book on how to answer ANA papers. So, if you 
are giving it to them like that, you are not testing Mathematics, you are testing 
curriculum procedural knowledge indoctrination. Anybody who has been trained to see 
patterns and to make sense of numbers have a problem with this. It is usually clever 
kids who struggle with this because they know the facts of math, this is curriculum and 
procedural knowledge but not conceptual knowledge. Do not design this test like the 
ANA test, by grabbing a bunch of items together and testing children on these with no 
clear understanding of the clear construct being tested. Yes, they test thousands of 
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children to see what items work but even after identifying what items work they still do 
not know what these items are testing. If you can use a perception tool in assessment 
you can test the construct from a different way.  
Expert 5: Yes, this why what Expert 1 said is so true because if you are testing a 
construct in a different way but still assessing curriculum, you can say that children 
are not understanding in the construct being tested.  
Expert 1: You will see that from experience I have seen that just because this number 
line does not look like the norm or does not look like the straight number line they are 
used to, they will not be able to do this. Estimation is something children really struggle 
with (referring to item 4).  
Expert 2: Yes, but it is something teachers do not like teaching. They just assume that 
children will be able to do without instruction.  
Expert 4: What does CAPS say about estimation? 
Researcher: It only allows children to look at a picture, set of number or objects and 
then guess what the total is.  
Expert 3: I usually taught it with pictures, but this is not what CAPS is saying. What is 
difficult about testing this is that most learners will actually just count all the fish in the 
bowl but unfortunately this is the only way of assessing it in a test.  
Expert 2: Yes, most of them will count and not guess the total.  
Expert 4: But you have two different question here. One is estimation and the other 
one is counting.  
Expert 1: Include both then, as they test different concepts.  
Expert 4: The next item, try not to repeat the word flowers. Keep the question but 
change the way in which the question is asked: How many groups of five can you 
make from the flowers?  
Researcher: The next item is included for the purpose of also having a question on 
level one. This is just counting and also connecting the dots, which is one concepts 
that needs to be tested in the curriculum.  
Expert 4: You know what is good of this item, the distances between the numbers are 
not the same.  
Expert 3: Why are you stating the word rule in the next item? 
Researcher: According to CAPS they should figure out the pattern and then say what 
the rule is according to which the pattern is working on.  
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Expert 2: They will be able to do this, as this is how teachers are teaching it in class. 
They will know to say +1 or counting in ones.  
Expert 4: This is like a mathematical rule.  
Expert 3: Keep both questions, as it tests different patterns.  
Researcher: From Item 8 only 4 or 5 of these need to be included.  
Expert 3: Keep the one where you are counting backwards and counting in three, they 
tend to struggle with that.  
Expert 2:  Do you have a doubling question?  
Researcher: Yes, somewhere here, just hold on, sorry everything is so mixed UP. 
Expert 3: This is good, as in a test constructs must not be grouped together but 
scattered. You have to mix items.  
Researcher: I will include a pattern of doubling and not only ask to double one specific 
number.  
Expert 4: Leave the ones where you are counting in 10’s and 5’s because children 
tend to find that easy.  
Expert 3: Choose the one of halving as well and the one where you are counting in 
threes.  
Expert 4: This is a good selection as all items are testing the child’s ability to identify 
different constructs in patterns. I find it fascinating that you do not use language in the 
questioning so much.  
Researcher: I tried not to make language an aspect that could have an effect on the 
score’s children obtain as the focus of the study is not how well children can read 
mathematical language but rather if they understand how constructs work. This being 
the reason that the teacher will also be reading the questions to the learners to 
overcome any language barriers they might have. There are word problems that 
children should be able to solve but the teachers will be reading this to the learners.  
Expert 4: One cannot always take away all language from a math test, but I see in the 
next item you ask for a number name. This is very good to make connections between 
numbers and language. The best will be not to ask them to write the number symbol 
but to write the digit. Symbol is a confusing word.  
Expert 3: Digit is not a word used in the curriculum only words like number symbol 
and number name. The word digit may confuse them more than symbol as they are 
used to the word symbol and we are assessing curriculum and I think it will be better 
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to use number symbol. The CAPS say clearly that you should teach mathematical 
language that is specific for the learning area.  
Expert 4: Yes, but CAPS is problem because a symbol can be used in different ways 
and children will then think for the rest of their lives that a symbol is a mathematical 
term. I think you should only say, write the number.  
Expert 5: We have to start cutting items. Let’s first cut items that test the same 
construct.  
Expert 4: Look at the constructs rather than looking at curriculum. What do you want 
to test in item 11, 12 and 13?  
Researcher: Item 11 is testing if children understand how to use mathematical 
symbols ad 12 and 13 is testing for ordinality and cardinality on one question.  
Expert 4: Good, keep the items then but only ask one of each. One item is enough to 
test if learners can do it or not.  
Expert 3: For items 14 to 16 then only include one of each and collapse in one 
question.  
Expert 4: Why is curriculum placing so much emphasis on this? Why do you have to 
use words now because you already tested the construct in so many other items like 
ordering numbers and patterns.  
Expert 3: They do that, this is just a different way of asking it.  
Expert 4: Yes, then just collapse the questions.  
Expert 4: What are you testing with smaller and bigger than questions? 
Researcher: Relationality of numbers.  
Expert 4: Children often can identify numbers that are one bigger or one smaller but 
as soon as you as for two smaller or two bigger they seem to shut down. This should 
be included in the study, include one bigger than and one for two smaller than. Include 
a number where the place value also changes like 199 that will go to 200.  Only include 
these two and collapse the questions.  
Expert 3: The next item is a good question because even as an adult I see it as the 
bigger the picture the more there are and the smaller the picture the less there are.  
Expert 2: Children struggle with the word more.  
Expert 5: Yes, they understand the word lots better.  
Expert 4: This is not a good thing because you are giving them a clue then because 
allot is helping them realize that is one with the most things.  
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Expert 5: Take item 19 and leave item 20 as they are testing the same construct. For 
item 21 – 26 rather include a house method for one of the items to test for part-part 
whole and then collapse the other items into one question and one of each in each of 
the questions.  
Expert 4: In item 27 write is the verb and now you are asking them to write an addition 
sum. What is an addition sum? This is abstract language and a nightmare for children 
to complete. This is were mathematical anxiety comes from. What is the main 
construct being tested here?  
Expert 5: Part-Part whole. 
Expert 4: Leave this question then as this construct has already been included in the 
test. The next item I do not like the picture, it seems confusing. Will learners be able 
to know it is a race and be able to read vertically?  
Expert 1: I like the question, it is a good question.  
Expert 4: Just change the picture.  
Expert 5: Include names under the person, not next to the person as well. Try to get 
a picture that already looks like a race where children will see it is a race and in what 
direction it is moving.  
Expert 5: Only include one example for item 30 but still include the example.  
Expert 3: In item number 31 only include one for each place value so one for tens, 
one for units and for hundreds. Take the same number to assess learners on but place 
it in a different order for example test the value of 7 but place it in different positions in 
a number for the value to change.  
Expert 5: Again, only include one example for item 32 as all are testing the same thing 
and take item 32 out as we cannot test the same construct in different ways as one 
way in a test is fine. We teach all methods but can only assess one way. 
Expert 3: Item 34 can be left out then, as we have already tested these constructs in 
a different way.  
Expert 4: 35 to 40 can be left out as it is very easy for children age 9 to 10 years old 
and it is based on constructs already tested.  
Expert 3: Yes, rather include item 41 and 42 as this will assess addition and 
subtraction.  
Expert 4: When using packets of wood, it refers to allot of wood. There can be 12 
pieces of wood in each packet for example. Make it one thing they can buy. It has to 
be a realistic thing for children, something that has to do with things they know about. 
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It does not have to include buying, to many word problems include the word buying. 
Use something else.  
Expert 5: What about picking up stones.  
Expert 3: Collect is a good word to use, they will understand that well, use item 44 
then.  
Expert 5: Leave item 43 then.  
Expert 2: Leave item 44 as children are already doing addition problem above. 
Construct has been tested.  
Expert 5: What about item 45 and 46? They are also problem solving?  
Expert 3: Leave item 45 as children often do not link distance to numbers.  
Expert 4: Leave item 46 as well for higher order thinking children. Throughout all your 
word problem questions stick to the same people, do not use different names all the 
time to confuse learners.  
Researcher: What level of conceptual development does item 47 test? 
Expert 5: This can be relationality.  
Expert 4: Then you should change the numbers to something like 533, 535 and 538. 
Then the relationship between the numbers can be evaluated with reference to place 
value.  
Expert 2: Although item 48, 49 and 50 are repetitions of constructs already tested, 
these are good items as they ask the questions in different ways which learners are 
not always used to.  
Expert 4: This is good for assessing conceptual understanding.  
Expert 3: Change the wording of the word problem: How many more dolls does Nandi 
have?  
Expert 4: Item 52 is a low order level 6 question but is important to include in a test.  
Expert 5: No need to do item 53, as we already did double in the test already.  
Expert 4: Item 54 is a very abstract thing to test and the passive voice makes it very 
difficult for children to understand. Rather leave the item.  
Expert 3: Item 55 and 58 will be good to include because children can see the relation 
of numbers whereas item 56 and 57 will be very easy for them as they know plus and 
minus very well. Where item 55 and 58 test a higher order of thinking.  
Expert 5: Include both items 59 and 60 as these were not tested throughout the test.  
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Expert 2: Item 61 is not a good item to ask because children will say that a car has 
more than 4 wheels, like a steering wheel as well, this question can become 
complicated. Let’s just leave item 61 and 62. We have enough word problems.  
Expert 3: Only ask one or two examples for item 63 and 64, no need for so many.  
Expert 4: Even though we took item 54 out, maybe we should leave item 65 for 
children that can solve problems on their own.  
Expert 5: I also think to this item can be at the top high order questions of the levels. 
Let’s see what children do with the item.  
Expert 5: Is there a need to keep item 66 because we already asked halving 
questions.  
Expert 3: Yes, we did there is no need for the question.  
Expert 5: Item 67 and 68 are testing the same thing so only include one of them.  
Expert 3: Include item 67 with the three-digit numbers.  
Expert 3: Then there is also no need for item 68 as construct has been included in 
item 67.  
Expert 2: Item 70 must be included. 
Expert 5: This is a division problem.  
Expert 2: Item 71 needs to be included as this they use to do rate later in the 
curriculum and need to be assessed on the skills.  
Expert 4: Items 72 to 74 are good questions because a learner will have to first look 
at the shape and understand the shape before colouring in. They will have to abstractly 
see the shape outline and then see that the shape has already been divided into 4 
pieces. Learners will colour it in different ways as they make sense of these shapes in 
their own way. Have space for different answers and different ways of thinking.  
Expert 3: Only include one of these fractions because if they know one, they will be 
able to apply it to all the examples.   
Expert 2: Only one example is needed for item 76 as well.  
Expert 3: I see item 77 to item 81 are all money items. Maybe only include one money 
problem that test all these in one.  
Expert 2: Yes, like item 81 as it tests the adding of money as well as calculating 
change.  
Expert 5: Yes, I agree leave item 77 to 80 and only include item 81. I think this test is 
getting to long if we are including patterns and functions as well. What do you think? 
We have identified 47 items already just from learning area one?  
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Expert 3: I think you can argue to only include learning area one as learning are one 
counts 65% of the entire curriculum weight.  
Expert 2: Yes, I agree this test is already going to be to long for children to answer.  
Expert 5: Yes, you can argue this by saying that the ANA test is very rushed and only 
touching concepts briefly whereas this is a comprehensive test where all concepts of 
learning area one has been included in this test.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
